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PART I.— DISCUSSION OF THF EARTHQUAKF. 

CHAPTER I 
INTRODUCTION. 

(J. A. Dunn.) 

Distribution and severity of the shock. 

The earthquake, which is to be discussed in this memoir, com- 
menced between 14 hours 13 minutes and 14 hours 14 jninutes, 
Indian standard time on the 15th January lU34, and continued 
to be felt during a period of 6 minutes in the central tract. The 
area of greatest devastation was in North Bihar and Nepal, but 
damage of gradually diminishing intensity extended into adjacent 
provinces. 

Within three minutes Monghyr and Bhatgaon were in rains, 
as also were large parts of Motihari, Muzaffarpiir, Darbhanga, 
Katmandu and Patan, whilst in Sitamarhi, Madhubani and Purnea 
houses had tilted and sunk into the. ground. In Purnea 95 per 
cent, of the houses were said to be uninhal)itahlc and 50 per cent, 
destroyed. Across the Canges, damage in such towns as Patna, 
Barh and Jamalpur was severe, the roads were choked with bricks 
in places, as at Jamalpur, and sections of the bazaar collapsed. 
Serious damage took place so far afield as Darjeeling and other 
jjlaces in Bengal. 

Within the limits of the Indian Empire the shock was felt over 
a distance of up to 1,000 miles from (he central tract by persons 
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as far as Peshawar in the north-west, Fort Hertz in the east, Akyab 
in the south-east, Bezwada and Ongolc in the south and Bombay 
in the south-west. In a northerly direction, beyond Nepal, no 
reports liave been available as to the distance the shock was sensible 
to man, but pilgrims in Katmandu reported its occurrence at Lhasa. 
It was felt over an area of approximately 1,900,000 square miles 
(4,920,000 square kilometres) in India and Tibet, and accordingly 
the Bihar shock ranks in intensity with any similar catastrophe 
that has taken place in historic times. 

In general the shock went unnoticed in South Bomlaay Presidency, 
South Madras Presidency and in Mysore but along a narrow strip 
of the west coast, in Travan(‘ore and South Kanara, slight movement 
was reported. A sliglit shfjck was also reported ‘near Moulmcin in 
Lower Ihirma. 

The shock was recorded in most of the seismological stations 
of the worhl ; according to reports the earthquake bell at the West 
Bromwich Observatory, Etigland, stoj)p(‘d as a result of the inten- 
sity of the movement. In India the .shock was so strong that none 
of the seismographs i?\ Calcutta, Agra ov Dehra Dun was able to make 
a complete record of the earth waves. At Colaba in Bombay the 
eartliquake was fully recorded only by the east- west component 
of the Ormori-Ewing instrument ; the re(*ording mechanism of the 
nortli south component failed to register after the incidence of the 
secondary waves. A record from Oorgauin, in )South India, is more 
coniplete. 

Loss of life was almost entirely confined to the central area ; 
tlie deaths reported were distributed as follows 


Muzaffarpur town 



956 

Miizaffarpur district . 



1,583 

Darbbanga towTi 



310 

Uarbhanga district 



1,839 

Mongliyr town . 



1,260 

Monghyi district 



237 

Champaran district 



499 

Saran district 



193 

Bhagalpur ilistrict 

-* » 


174 

Patna district 

* t 


142 

Gaya district 

« • 


34 

Shahabad district 

«• • 


22 

Purnea district , 


V « * « ■ 

2 

J^antal Parganas 

• o 


2 
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It is possible that a few additional casualties were not reported. 
In the Nepal Valley the deaths numbered about 3,400 or a little 
over one per cent. ; in other parts of Nepal many deaths were 
caused by people being overwhelmed by rock falls. It is a fort- 
unate circumstance of this earthquake that the known death roll of 
7,253 in India, although great, is not in proportion to the damage 
done to property. Two factors contributed to this coinparativcly 
low mortality : the shock took place in tlie early afternoon at a 
time when most })eoplo were awake, and many were, out of doors 
and the slmck did not reach its greatest intensity until some two 
and a half minutes after its eommeneement, so tliat mai^y })eoj)le 
had time to rush out intn the open. Oomparisons have heem made 
between the intensity of tliis eartlnpiakc^ and of tlie later Qinitta 
catastrophe in 1935, on the score of mortality. In l)oth cases 
parts of toAvns were wiped out and there is little doubt that although 
ov(T a small area the Quetta earth((uak(^ attained the liighest inten- 
sity of the Bihar sliock, in north Bihar tliis high intensity covered 
at least, witli the Assam 1897 earthquake, an area wliich has not 
perhaps been exca^eded and seldom equalled. 

News of the earthquake reached Calcutta, on the same day, 
more particularU' with reference to Darjeeling, hut for a day or so 
the extent of the damage in north Bihar was not appreciated. Over 
a large area roads were badly damaged, railway tracks were com- 
pletely destroyed, and teh'graph and telepJione communications 
were entirely dislocated. The magnitude of tlie disaster in the 
central tract of nortli l^iliar liecame known as a n'sult of aerial 
surveys undertaken by the Biliar (h)vernment and by private en- 
terprise. Severe damage was so widespread, however, tliat it was 
not possible to say whi(di was tlie epicentral tract, and it w^as only 
after tw^o months, when the geologieal survey had indicated tlic 
trend of the isoseismals, that the position of the (‘picentral region 
could be delineated. 


Geological Survey investigafiou. 

rmmediately the serious nature of tlic earthquake became evident 
tlie Geological Survey of India commenced preparation.s for the exami- 
nation of the devastated area. Dr. J. A. Dunn, Mr. J. Ik Auden 
and Mr,. A. M. N. Ghosli were deputed to investigate tln^ central 
devastated area in Bihar and Nepal tin* Nepal region being 
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undertaken by Mr. J. B. Auden alone. Mr. D. N. Wadia was deputed 
to inve>stigate the outlying areas in northern and western Bengal* 
Immediately after the eartliquake a copy of a standard questionnaire 
was published in the various Indian newspapers, calling for public 
co-operation in reporting the cfTects of the earthquake, and, in 
addition, a standard questionnaire, Table L was circulated, first to 
the most affected parts of India and subsequently to the more 
distant parts and to Burma 

The three officers working in north Bihar continued their inves- 
tigations until April. Mr. Auden worked mainly in the eential and 
northern parts of the damaged area in Bihar and in Nepal ; Mr. 
Austin Ghosh worked in the central and western part of the area ; 
whilst Dr. Dunn, besides traversing the central zone, investigated 
the eastern and southern parts of the damaged area. By overlapp- 
ing to some extent the individual iiivestigations were closely com- 
pared and a precise isoseisrnal map of the central r<\gion emerged ; 
the absence of any serious differences of opinion in the delineatio]\ 
of tlu3 isoseismals, drawn to a large extent individually, is au indica- 
tion of the confidence which the authors liave in it. 

At the commencement of the investigation the three ofilcers 
d(‘puted to the central tract met in Patna and, after a survey of 
th(‘, damage there, decided on tlie value tln^y would attach to the 
several types of damage on the lines of the Merealli scale, so that 
at the ontset a uniform scale in estimjiting intensities for this area 
was detennined. In addition, those featurf'S wliieh it was apparent 
required particular investigation in this eartliquake wore noted, 
such as fisBuring and widespread emission of wat(‘r and sand. 
Every o])portunity was also taken to allay local anxiety of th(‘ 
possible repetition of severe shocks. Large ar(ais had to bo covered 
in as short a time as ])ossible, by motor car wherevau practicable, 
otherwise by cart or on foot. Considering the widespread damage 
to roads it speaks well for the local assistance laundered (Jiat tin' 
work was comph'de.d in such a short time one of the authors drove 
7,000 miles in tlie affected area in two montlis. 

Immediately the field work was completed, preliminary reports 
were submitted to the Governments con(*erned. Mr. D. N. Wadia 
submitted his report on Darjr‘eling and West(‘rn ILmgal to tlio 
Government of Bengal during March. The preliminary report on 
Bihar by Dr. J. A. Dunn and Messrs. J. V>. Auden and A. M. N, 
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Ghosh was subiiiitteAi to the Govoramerit of Biliar and Orissa in 
early May, and Mr. Auden’s report on Nepal was submitUxl to t.be 
Government of Nepal in June. 

The object of these reports was not to give a scieuthic desciip- 
tioji of the cartliquake, but to advise the Govorumeuts eoiiceriied 
on several fundamental questions of reconstruction, from the point 
of view of both private and public buildings. The report to the 
Government of Bihar and Orissa was published soon afterwards 
l)y tile latter Government, apparently with the object of makiiig 
more widely known to the public the jneasures for roconstructiou 
which the Geological Survey officers had rccommouded. 

In the meantime short popular articles describing the earth' 
quake had appeared in several of the Indian papers, from the pen 
of some of the Geological Survey officers at headquarters. 

Subsequently Messrs. Auden and Ghosli, in the absence of 
Mr. Wadia on held work in Kashmir and of Dr. Duim on leave, 
wrote a preliminary report for publication in the Records of ikt 
Geological Survey of Lftdia, vol. JAVlll, pp. 177-2.*^lb Their 

report summarised tlie results of the hold investigation, and, in the 
construction of a complete isoseismal map, they utilised the very 
numerous replies submitted from all over India and Burma to the 
questionnaire issued by the Geological Survey. 

The object of the present memoir, written after the lapse of 
some 2| years, is to give a more conipiete account of the catastropiie 
Ifom its geological aspect as it appears in more lengtliy retrospect. 
There is one part of this study of earthquakes which tiic four 
geological officers concerued felt would be much wiser left to the 
pen of a specialist, and we were indeed grateful to secure the services 
of Dr. iioy to undertake tlio ctiapter on Scismounitiy. We believe 
that Dr, Key’s contribution will help this memoir to assume a more 
authoritative not^. 

It is of interest to record here that Dr. Koy, being in Itangoon, 
wrote his chapter without tlie opportunity of discussing our view- 
point with us. Our writing was practically completed at the end 
of 1930, his arrived m the latter part of 1937. it. was most gratify- 
ing to hud how closely Dr. Koy’s independent results so completely 
agreed with our coiiclusioris. We had soan^dy expected such close 
confirmation of each other’s work. Ilis position of the epicentre, 
for example, is well within the areal limits expected by us. 

B 
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DISCUSSION OF SCALES AND ISDSLISMALS. 

(J. A. Dunn, J. B. Audkn and y\. M. N. (tUos^h.) 

Discussion of scales. 

The iiujps attached to this memoir represent the delineation 
of the zones of intensity according to the Alercalli niodiJieat ion 
of the Hossi-Forel scale. On Plat(^. 1 isosi istnals VI to X are shown 
in the reii:ions of Biliar, Nepal aial B(‘n<4al that were most alft'cted 
by the earthquake. These were detta-miiUHl by observation in 
the field and by the assistance of tlie questionnaires yiv<u} in Taljlcs 
] and 2. The isos(‘ismals for the. whole of India ar(; shown on 
Plate 2, and \v(‘re determimal by an examination of tin? replies to 
the (|uestio})naires \\']iich were stmt out by tlie rJi'«)lo^rica] Hurvt'y 
of India and the Meteorological D<q);irtment. Fsostasmals III 
and II cannot be adeqinitely dinVrontiatt'd. 

In the following tables art* st't out three (pucstionnaires. In 
Table i is slK)wn the standard quest ion p.airc' wliieii was in \ise np 
till I935j r(q>li(‘8 to which d(‘tcrmincd the drawing of the lower 
isoseisinals in the Biliar-Nepal eartlnpiake. In Table 2 is givtai 
tire quest ionnairt' wdiich was stmt out by the (b'olo.eitad Survey 
party from Patna rlirough the (b)V(‘rnnient of Bihar and Orissa, 
at tlie end of January P)34. I'hi.s wa,s rorniulattsl as a result of thi? 
early experience (jf the eartlupiake efftags in Bihar, and wa-s d(‘signeAi 
to supplement tin? work of the })arty investigating tie? sev»*re]y 
afle(‘ted area. In Table 3 is shown the new (pjestionnaiie which 
was proposed by the Kartlnpuikc Commitb'e ol tlu^ (biological 
Survey of India- as a substitutt? for that prrviously in forct*. This 
questionnaire is the one which will be usod for futiin? earthquakes. 

The Mei'calli scale is given in Tabi(‘ I, together with eertaiji 
additions and intjidilications that t he. held pai t y of tlir ( h-ological 
Survey of India have suggested. 

The exteiit of emission of sand from v«mts and fissures north ul 
the Ganges is sufficient to warrant the? iiichisiou uf the factor of 
sanding as one of the criteria. In North BiJiar the- (‘mission of. 

( 7 ) 

c 
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sand is raro outsiflc isoscismal VIIJ, and reaches its maximum 
throughout the slump belt within isoseismals IX and X. Factors, 
such as a capping of liard clay, may sometimes tend to inhibit 
sanding, even in isoscismal X of the slump belt, but in general the 
criterion of sanding has been found useful in delineating the isoseis- 
mals. 

Contrary to what is indicated in the Mm^alli scale, it was found 
in Nepal tliat landslides oc<*ur within isos<nvSmals VIII — X, and 
not solely in X as is ih(M:e given. Many of the hill sides in the 
Himalaya ax<‘. 7iormally unsta]d(‘, as is siiowm by tl)o number of 
landslides that occur thronghout tlie wdiole chain quite indepen- 
dently of rniy seismic disturbance. KSolution-brecciation of lime- 
stones ; vveatlierhig of felspar grains in arkosic sandstom^s, granites 
and gneisses ; v/ell-devclope<l joinli!7g in sandstones and quartzites ; 
bedding planes coinr*id(*ut with the hill slope ; angle of slope and 
undercutting by river erosion ; j)rogressive* deforestation and ex- 
posure of soil cap to sudden downpours of rain; these ;ire all factors 
whicli (anise non-seismic, landslips. ft cannot be supposed, there- 
fore, that tlv‘- landslips arising as a. result ol; the earthquake neces- 
sarily indicate tlu) liigluvst degree, of intsmsity. In many instances 
the shock must liave been simply a trigger action that set moving 
hill slopes wln(‘-h luul long ])reviously unstable. 


Construction of the isoseismals. 

The delinea.tion of isoseismals is .never easy, and, in the ( 3 ase 
of the Bihar-Nepal einihquake, it proved in places to be difficult. 
The eartlnpiake alfe(;ted the thrre main geological units of India: 
the Peninsula, the Gangctic alluvium, afid tin* Himalaya. Between 
these units there are gra>at contrasts in diigree of consolidaiioii and 
ill watnr content of tlie roe,ks, with the eonsequence that the rates 
of wave propagation, and the a-inplitude and acceleration of wave 
motion are very varied. Even within a single unit there is no 
homogeneity. hi addition, there are pronounced differences in 
the manner of building construction, varying from huts of mud and 
of mud-plastered liasulmo, through kiUeha-pucca houses to well 
constructed railw ay, sugar- factory and government buildings. 

During the investigation we wtne confronted with rapid and 
often inexplicahl<3 changes in intensity throughout even the area 
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TABLE 1. 

Eabthquake Report. 


Meteorological observatory at 


J. Date of earthquake ....... 

li. Time of occiirrenco, if possible exact standard time . 

3 . Duration of shock in seconds ..... 

4. Situation of observer, wJiether in or out of doors, aslct^p or 

awake, sitting or standing, etc. 

5. (1) Number of separate shocks, if more than one was felt 

(2) Interval between tJie shocks ..... 

h. Were any unusual sounds heard either before, during oj- 
after the shock, and wliat did they resemble ? 

7. What was tlio intensity of the sliock, whether strong 
enough — 

(1) To be felt by persons at K'st .... 

(2) To make doors, windows, etc., or loose objects 

rattle, and lloors creak. 

(2) To-make hanging objects swing: if so, in what direc- 
tion. 

(4) To move the observer’s seat .... 

(d) To throw down loose objects ; if so, in what direc- 
tion ; give woiglits an<l distances if possible. 

(6) To crack tlio walls of buildings ; give the direction of 

cracks and alignment of walls. 

(7) To cause greater damage (to be sjiccified) 


Signature ol‘ Observer 


Date of recording ob.sorvations 
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TABLE 2. 

Earthquake Report. 

1. Bate of earthquake 

2. Time of occurrence, if possible exact standard time • • 

3. Duration of shock in seconds 

4. (a) Number of separate shocks, if more than one was felt 
(b) Interval between commencement of separate shocks . 

5. Geographical direction of swing of hanging objects . 

6. Direction of movement of ground, floor, etc., during each 

separate shock. 

7. (a) Direction of fall of objects such as almirahs, gates, walls, 

pillars, turrets, etc. 

(b) Measurement of such objects 

8. (a) Direction of projection of objects such as bricks from 

roof copings. 

(b) Height from which projected, distance projected and 
weight of object. 

9. Direction of cracks in walls, etc., mentioning geographical 

alignment of wall. 

10. (a) Direction of fissures in ground . • . . . 

(b) Width of fissures , 

11. Phenomena associated with formation of sand and/or water 

vents. 

12. Any unusual phenomena in rivers, large tanks and wells • 

13. Type of buildings most affected — concrete, pucca brick, 

semi'pucca brick, or mud huts ; whether heavy or light 
roof. Type of foundation. 

14. Distortion of railway and road alignment 

Signed 


Address 
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TABLE S. 

EA»TH<JUAKa Rbpo«t. 

Place of observation ; — 

(i) town or village 

(ii) tahsil, taluka 

(iii) district or state 

(iv) nearest railway station. 

1. Date of earthquake (day begins and ends at midnight) 

2. Time of occurrence, if possible Indian Standard Time 

3. Number of separate shocks, if more than one was felt, and 

intervals between. 

4. Duration of shook or shocks in seconds .... 

5. Situation of observer, whether in or out of doors, asleep or 

awake, sitting or standing, etc. 

0. Type of building of observer’s house, t.e., kutcha, kutcha- 
pucca, pucca, one or more storeys. When was it built ? 

7. Were any unusual sounds heard either before, during or 

after the shock and what did they resoniblo ? 

8. What was the nature of the movement imd did it appear tfj 

come from any particular direction, as ascertained from 
lino of swing of hanging lamps, movement of liquids in 
cups, tubs or tanks ? 

9. Was the intensity of the shock strong enough to have the 

following efifects — 

(а) To bo felt by persons sitting or lying ? . 

(б) To be felt by persons in motion ? . 

(c) To make doors, windows, etc., or loose objects 
rattle ? 

{d) To make hanging objects swing ? . 

(e) To shako trees and shrubs ? 

(/) To shako the observer’s seat or Uxl ? . 

{g) To throw down loose objects on tables and shelves 
such as clocks, bottles, utensils ? 

{h) To crack the walls of buildings ? . . . . 

(r) To cause greater damage ? (to bo 8]>eciliod) . 

( j) To cause other phenomena such as ground fissures, 
sand and water spouts, slipping of the banks of 
tanks or rivers ? 


Superintefidevi of Observatory. 
Date 


Observer. 
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TABLE 4. 


leoseiamab. 

Additional criteria. 

Accelera- 
tion : in 
mm. per 
sec. per sec. 
M^die. 

I. Instrumental shock, 

that is, noted by 
seismic instruments 
only. 

— 

10 

II. Very slight, felt only 
by a few persons in 
conditions of perfect 
quiet, especially on 
the upper floors of 
houses, or by many 
sensitive and nervous 
persons. 





Ill, Slight, felt by several 
persons, but by few 
relatively to the num- 
ber of inhabitants in a 
given place ; said by 
them to have l)ccn 
hardly felt, without 
causing any alarm, 
and in general withotit 
thcii’ recognising it 
was an earthquake 
until it was known 
that others had felt it. 


25 

IV. Sensible or moderate, 
not felt generally, but 
felt by many ijersons 
indoors, though by 
few on the ground- 
floor, without causing 
any alarm, but with 
shying of fastenings, 
crystals, creaking of 
lloors, and slight 
oscillation of sus- 
pended objects. 

.... 

50 

V. Kather strong, felt 
generally indoors, but 
by few outside, with 
waking of those asleep, 
with alarm of some 
persons, rattling of 
doors, ringing of bells, 
rather large oscilla- 
tion of suBjpended 
objects, stoppmg of 
olooks. 

1 

100 


MercaUi 


Acceleration 
in Bihar. 
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TABLE 4 — contd. 


scale. 


Isoseismal. 

Additional criteria. 

Accelera- 
tion : in 
mm. per see. 
per Sec. 
McAdie. 

Acceleration 
in Bihar. 

VI. Strong, folt by everyone 
indoors, and by many 
with alarm and flight 
into tho open air ; 
fall of objects in 
houses, fall of plaster 
with some cracks in 
badly built houses. 


25U 


VII. Very strong, felt with 
general alarm and 
flight from houses, 
sensible also out-of- 
doors ; ringing of 
church-bells, fall of 
cliimney pots and 
tiles ; cracks in numer- 
ous buildings, but 
generally alight. 

Very rare sand vents . 

oOO 


VJll. Kuinous, felt witli great 
alarm, partioi ruin of 
some houses, and fre- 
quent and conaidera- 
Jl)le cracks in others ; 
without loss of life, or 
only with a few iso- 
late cases of personal 
injury. 

Modc^rate degioe of 
sanding. Fissures in 
alluvial ground. 

Landslides. Slight 
mortality. 

1,000 

1 

1 

1,500 

(4*9 J’t. j)or sec. 
pt;r sec.) 

1 ^ _ 

IX. Disastrous, with com- 
plete or nearly com- 
plete ruin of some 
houses and scrknis 
crackwS in many others, 
BO as to render them 
uninhabitable ; a few 
lives lost in different 
parts of poxmlous 
places. 

Sc\nding intemsc. Kx- 
tensive iisBuring in 
riUuvial ground. 

Landslides. Heavy 
mortality. 

2,6(X> 

1 

I 

2,000 

to 

3,050 

(0-5-101 ft. 
per sec. 
jjor sec.) 

X. Very disastrous, with 
ruin of many buildings 
and great loss of life, 
cracks in the ground, 
landslips from moun- 
tains, etc. 

Sanding intense. Kk- 
tonsive Cssuring 

in alluvial ground. 
Landslides. Very 

heavy mortality. 

3,000 

3,2V0 

(10*7 ft. per 
see. per sec.) 

i 

10,000 
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of maximum damage. The question arose as to whether it was 
necessary to assume an actual diminution in intensity in these 
lightly affected areas, and hence to split up the whole region into 
irregularly disposed patches of high isoseismals enclosed within a 
more general area of low intensity, or whether the shadow areas 
should be regarded as an indication of apparent and not intrinsic 
intensity, and a general isoseismal should be drawn to embrace 
collectively the isolated areas in which damage was of the same 
high order. Ideally it would have been best in any case to have 
mapped all the shadow areas, but time did not permit of such detail. 
We were compelled to regard the areas of low damage as indicating 
only an apparently low intensity, and to draw the isoseismals in a 
generalised way, taking notice of the peaks of damage conforming 
to the various grades of the scale, and ignoring the intervening 
shadow areas. On the other hand, it seemed impossible to ignore 
the separation of the high intensity areas in the Katmandu valley, 
and between Patna and Monghyr, from the main central region by 
more clearly defined areas of low intensity, so that our map does 
not include all the areas of intensity TX and X within a single 
closed isoseismal IX. 

An attempt was made by Mr. Williamson (now Sir J. William- 
son), Agent of the B. and N. W. Ilailway, to make a rough isoseismal 
map from the data which was accessible to him. He assumed the 
opicentral area to lie 30 miles north of Sitamarlii. Around this 
he marked a star-shaped area with rays enclosing regions of severe da- 
mage pointing to Katmandu (70 miles), Darjeeling (160 miles), Ban- 
mankhi (120 miles), Monghyr (120 miles), Soupur (90 miles) and 
Chapra Kutcheri (100 miles). This map was evidently based 
chiefly on the damage occasioned by the various lines of the B. and 
N. W. Railway. Damage to these lines was divided into severe 
and less severe, and the rays of the star-shaped area were drawn to 
include the parts of the severely damaged lines. The country between 
the railway lines was considesred by him to be less severely affected 
and is shown as inbayments of lower intensity. The value of this 
map is in the exact information it gives of the damage to railway 
property. It is of interest also in showing the deception which 
may result from taking account of information derived almost 
entirely from arbitrarily selected localities. Fig. 1 is based largely 
upon Mr. Williamson’s map as well as upon our own observations 
of the damage incurred by the Eastern Bengal Railway. 
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Jig. 1. — Railway lines affected by the Bihar-Nepal earthquake. 
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Some of the factors tending to control the apparent intensity 
of the shock may now be summarised : — 

(1) Seismographic evidence indicates that the epicentre lies 

around 26° 18' : 86° 18' on the eastern edge of the region 
covered by isoseismal X. In general, the intensity 
diminishes with increasing distance away from this 
region. 

(2) The high intensity region of the Nepal valley probably 

arises from the presence in the valley of unconsolidated 
alhivium. 

(3) The extreme severity experienced at Monghyr is connected 

with the occurrence of a thin shelf of alluvium abutting 
against Archaean quartzites. 

(4) Damage was great along river banks and in low-lying water- 

logged lands bordering the rivers. It was less on thick 
clay beds. There was, nevertheless, a zone of slumping 
which cuts obliquely across the river tracts and the inter- 
vening slightly higher ground, and which we consider 
indicates the hidden fault disturbance. 

(5) Damage was intensified on unstable hill slopes. 

(6) Damage in the central region was more by slumping than 

by collapse. Away from this region slumping did not 
occur but collapse was prominent. Collapse was most 
pronounced in kutclui-jmcca buildings and less in jmcca 
buildings or huts built of bamboo with mud plaster. 

We have already stated that the scale adopted in determining 
the isoseismals for the Preliminary Report was that of Mercalli 
Isoseismal IX was relatively easy to determine over considerable 
areas, once it was decided to use only the evidence of maximum 
apparent damage. The central isoseist X must, however, bo con- 
sidered to be more arbitrary since it was difficult to differentiate 
the slump area into more severely and less severely affected regions. 

The scale normally adopted by the Geological Survey of India 
is the Rossi-Forel scale, which is pitched in such a way that R.-F. 
X is roughly equivalent to Mercalli IX and X. For a truer com- 
parison to be made with some of the other Indian earthquakes, it 
would be better to consider the whole of the area within Mercalli 
isoseismal IX as that in which the earthquake was severely felt. 
This area is approximately 14,000 square miles or 36,200 square 
km. in extent. 
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General description of the isoseismals. 

In this section we shall outline briefly the character of damage 
and other earthquake effects within the several isoseismala. Those 
effects are discussed town by town in much greater detail in Part 
II, but the object here is to give a summary of the general condi- 
tions over the region enclosed by each isosoismal. 

ISOSEISMAL X. 

A study of the isoscismal lines reveals three tracts where the 
intensity reached the degree of X. The largest of these, a flattened 
but regular ellipse, occupies a belt some 20 miles in width striking 
E. S. E. for some 80 miles from east of Motihari through Sitamarhi 
to Madhubani. Buildings within this area wcuv destro 3 xd more 
by slumping than by actual collapse. Another area of isoseismal 
X, a slightly irregular ellipse, lies soutli-cast of Katmandu and 
strikes W. S. W. — E. N. E. for about JO miles, including the town of 
Bhatgaon. The third is at Monghyr. The total area included 
within isoseismal X approximates to l,o00 s(piare miles or 3,400 
square kilometres. Within the areas enclosed by isoseismal X 
in the Nepal valley and at Monghyr the majority of the buildings 
were practically razed to the ground. 

SUamarhi-Madhiihani area - -Within the Sitamarlii-Marlhnbani 
area a. general subsidence of the ground took place, giving ris(3 to 
widespread fissuring and to destruction of buildings by tilting and 
breaking up of the foundations. In large sub-divisional towns, 
such as ’Sitamarhi and Madhubani, many buildings slumped bodily, 
or individual walls slumped relatively to adjacent walls. Al- 

though the actual collapse of houses, in the sense of tumbling to the 
ground, was not excessive, not a house of any weight within this 
area escaped tilting and sinking and few were inhabitable, especially 
at Sitamarhi. This meant entire ruin and left no alternative but 
to rebuild the houses. Fissuring of the ground in this belt was 
severe and emission of sand reached its maximum, covering tiie 

floors of houses, streets and drains in towns, and covering the 

countryside with thick mantles of sand. Wells were choked with 

sand almost to the brim. Fissures and sand vents threw out sand 
three to four feet deep, the thickness dying out away from the 
centres of ejection. Sand and water vents and crater-like dejnes- 
sions lay in profusion in the lowlands. The walls of heavy buildings, 
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such as the Raja of Darbhanga’s palace at Rajnagat, were 
dissected by gaping cracks a foot or more wide. Over considerable 
sections in this area roads and causeways subsided ; embankments 
originally six feet high were found at ground level, and borrowpits 
alongside the roads were often filled with sand. The majority of 
masonry bridges on the various roads had either collapsed or were 
severely damaged. Screw pile bridges fared better, although many 
of them were severely twisted and buckled. As will be seen 
from Plate 1 the whole of this area lies within the slump belt, which 
extends from the eastern part of the Saran district as far east as 
Purnea. 

Monghyr.—'^lon^ji is an old town built both on alluvium and 
on Archaean rocks. This was the worst affected town in Bihar, 
and here the devastation was most spectacular as far as the collapse 
of buildings was concerned. The devastation was greatest in the 
Chauk section of Mongliyr bazar where houses collapsed whole- 
sale and scarcely a building or wall was left standing within an 
area of 12 acres. The remainder of the bazar was, however, much 
less affected. As a rule buildings on rock outcrops were damaged 
le.s8 tlian those on alluvium. The north-west corner of the town 
within the Fort suffered but slightly. The main damage to fucca 
buildings occurred along the north wall of the Fort, particularly 

at the eastern end, tiiat i.s, on the alluvium at the edge of the high 
ground, where all the buildings were destroyed. The damage 
done, to buildings at Mongliyr was entirely due to tin; severe shaking 
wdiich the town received ; neither fissures nor slumping of the 
ground were noticeable except near the edge of the river on the 
north. The general direction of collapse throughout Monghyr 

was mainly to the east. 

Nefal valley . — The area in the Nepal valley enclosed by isoseis- 
mal X runs B. N. B. — W. S. W. tlirough Bhatgaon, Harisidhi, 

Khokna and Bagiuati. Bliatgaon showed about a 70 per cent, 

collapse of houses, while at Harisidhi, Khokna and Bagmati there 
was total destruction. Destruction in Bhatgaon was not uniform, 
counts along the streets showing six out of six, seven out of nine, 
five out of six and two out of five houses destroyed. Temples 
suffered less, and houses, built of polished brick, neatly and closely 
fitting, generally escaped. The famous Nyatpola temple, five stories 
high, was surprisingly undamaged. The Vhairaba temple collapsed. The 
condition at Harisidhi, Khokna and Bagmati was one of complete ruin. 
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At the time of visit, one month after the earthquake, bodies were 
still being recovered from a mass of debris which had obliterated the 
alignments of the alley-ways. In spite of this destruction of houses, 
there was, however, little in the condition of the ground to suggest a 
violent earthquake. Slipping was only seldom found to have occurred 
even along the edges of the river terraces and there was only one 
observed occurrence of a sand vent, near Harisidbi. Subsidence of 
the ground, and tilting and slumping of the houses were entirely 
absent. The type of damage was similar to that at Monghyr. 


ISOSEISMAL TX. 

As remarked on page 16, isoseismal TX of the Mercalli scale 
corresponds approximately to the Eos.si-Forel X, a fact which 
should be borne in mind when comparing the Bihar-Nepal earth- 
quake with other .shocks. 

The combined areas of very severe int('nsity equal to IX on the 
Mercalli scale cover about 14,000 .square miles or 66,200 square 
kilometres in Bihar and Nepal. I.so.seismal IX is found in three 
regions, the largest of which is bounded by an irregular elliptical 
curve extending 160 miles E. S. E. from west of Motihari to Purnea, 
and from the Nepal border to the south of MuzafFarpur and Dar- 
bhanga. The pronounced embayment of the curve on its eastern 
side is notew'orthy. The next large one is a narrow elongated 
zone, which extends from Patna to Monghyr, cutting off the northern 
salients of the Ganges. In the Nepal valley another area within 
isoseismal IX includes Katmandu and Patan. Buildings within 
the central isosei.smal IX were damaged partly by slumping and 
partly by actual collapse and tumbling to the ground. The three 
areas are separated by wide belts of rather lower intmisity in which 
the damage w^as equivalent to No. VIII on the Mercalli scale. 

North Bihar . — The largest area within isoseismal IX lies in 
North Bihar and along the Terai and southern ranges of Nepal. 
The presence of towns along the eastern, southern and western 
borders of this area enabled a fairly accurate demarcation to be 
made in these directions. To the north, in Nepal, towns are 
absent (Udaipur Garhi is only a village) and the boundary there 
is somewhat hypothetical. Moreover, it was only possible to visit 
a limited number of places in Nepal, and the local officials who were 
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encountered appeared to know nothing of the condition in neigh- 
bouring districts. 

The slump belt is completely enclosed by this isoseismal. 
Within the part of this belt included within isoseismal IX the 
damage was on the whole similar to, but less intense than that in 
the more localised region of isoseismal X. Outside the slump belt, 
in places such as Muzaffarpur and Darbhanga, there was widespread 
shaking and collapse, but less tilting and subsidence. Prominent ' 
fissures and faults in the alluvium were generally confined to the 
vicinity of such depressions as rivers and lakes. Emission of sand 
and water was also prominent within parts of isoseismal IX not 
included within the slump belt, but was more or less independent 
of slumping. 

The phenomenon of slumping is probably, in the first instance, 
a function of tlistance from the focal region, but modified by local 
ground conditions. 

Kutcha-jmcca buildings suffered more damage than pucca build- 
ings or mud huts. Well built masonry structures, especially if 
of two or more stories, did not, however, escape, as is witnessed by 
the destruction of the Agricultural Research Institute at Pusa, 
and the palaces of the Darbhanga Raj at Darbhanga. 

A feature of the damage in the region enclosed by this isoseismal 
and that of No. X, is the number of earthquake shadows present. 
Between Muzaffarpur and Sitamarhi there are at least two zones 
along which destruction is small. The damage to buildings ■ in 
any one town also presents anomalies. 

Of nearly 900 miles of line belonging to the Bengal and North- 
Western railway traversing North Bihar, scarcely one mile of track 
was undisturbed. Embankments subsided, the track was distort- 
ed and every bridge was damaged, many being completely destroyed 
(see Plates 31, 32, 35, 36). 

Patm-Monghyr. — A narrow zone of high intensity, reaching 
the degree of IX on the Mercalli scale, extends from Patna east- 
wards to Monghyr, cutting off the northern salients of the Ganges. 
The important towns affected within this zone arc Patna, Barh, 
Monghyr and Jamalpur. In Patna the worst damage took place 
along the river front. This is not entirely due to the fact that the 
oldest structures are located here, as several fine modern buildings 
were also severely damaged. Similarly, at Barh the effects of the 
earthquake were more pronounced approaching the river. At 
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Jamalpur the bazar area and railway quarters near the station were 
most severely damaged, but the newer buildings towards the out- 
skirts of the town on the east and south sides were scarcely affected. 

Nepal valley . — The greater part of the low-lying areas in the 
Nepal valley is included within isoseismal IX. The towns of 

Katmandu, Patan, Thimi and Thankot were all severely damaged, 
showing approximately a 25 per cent, collapse of houses. Thankot 
lies in a small area of isoseismal IX, which is separated from the 
main area by a continuation of the Kirtipur ridge. The actual 
position of isoseismal line IX is determined by the relationship 

between the soft unconsolidated fluviatile and lacustrine sediments 
which make up the low-lying portions of the valley, and the older, 
harder, pre-Tertiary rocks, which form an irregular rim to the 

valley. The pre-Tertiary rocks consist of granite, gneiss, quartz-schist, 
quartzite., calcareous quartzite and limestone. Villages situated 
on outcrops of these rocks escaped severe damage and frequent- 
ly scarcely suffered at all. This was especially evident in the 

area between Pashupatinath, Boddhanath, Gokarna and Sundarijal. 
The ridge of Kirtipur and the hill of Swayambunath also 
escaped. It was found that damage to property on the recent, 
loosely-compacted sediments of the valley bears little relationship 
to the nature of the .sediments locally present. Gravels, sands and 
clays 23roved equally ineffective in damping the shock. 

Fissuring was very rare in the Nepal valley, being noticed only 
on the parade ground at Katmandu and along the flats bordering 
the nala' near Nakhandol. No .sand vents were seen within the 
area enclosed between isoseisraals IX and X. The disturbance to 
the ground was clearly less than that within the Gangetic alluvium 
of North Bihar and the Nepal terai. This may be explained by 
the fact that water-logged sands are absent from the Nepal valley, 
any excess of water in the strata flowing out from the edges of the 
terraces in the alluvium. 

The palaces and houses in the bazar were equally affected by 
damage. Some of the temples of superior construction, and many 
houses built of nearly-fitting polished brick, escaped. In the 
palaces, the wings and upper stories suffered the most. 

As in Bihar, one of the chief factors re^sponsible for the loss 
incurred is the poor quality of the materials employed in construc- 
tion, 
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ISOSEISHAL YIIl. 

Isoseismal No. VIII encloses an area of 31,000 square miles 
(80,300 square kilometres) in Bibar, Bengal and Nepal. The line 
was demarcated with fair certainty in British India. In Nepal 
it was crossed or approached in three places. The form of the line 
near Katmandu is influenced by local topographical, and presu- 
mably geological, conditions. Chainpur and Taplejung indicated 
an intensity of about VIII, so that the line near these places is 
definite. The dotted lines to the north are purely hypothetieal. 

The roost important towns situated near the edge of this isoseis- 
mal are Bhagalpur, Bihar, Chapra, Bettiah, Darjeeling and Kur- 
seong ; other important towns affected within this zone were Dhan- 
kuta, Khagaria and Samastipur. Practically every brick-built 
building bore some stamp of the earthquake. A number of old 
and weak buildings collapsed. Damage was seen also in the upper 
stories, wings and porches of newer houses, and in the fall of temple 
spires and mosque minarets. Many mud houses in the Begu Saiai 
sub-division, north of Teghra, were razed to the ground. Destruc- 
tion was particularly prevalent near the western bank of the Gandak 
in Satan district, which is close to the western end of the slump 
belt. However, with the exception of two places in Patna district, 
damage due to slumping and subsidence in this area was practically 
nil. 

Fissures and sand vents occurred sporadically within the area 
enclosed by isoseismal VIII which lies north of the Ganges, but were 
considerably less in importance than within the higher isoseismals. 
Few wells in this area were reported to have been choked with sand. 

Railway bridges and permanent ways north of the Ganges 
suffered considerably, but not to the same extent as those within 
isoseismals X and IX. Two 200 feet girders of the Inchcape 
bridge on the Gogra, west of Chapra were thrown down ; several 
piers of the Bur Gandak Bridge near Rushera Ghat were fractured 
and had girders displaced ; a pier of the Bur Gandak bridge near 
Khagaria was sheared and the 100 feet spans of the Bur Gandak 
bridge near Samastipur had overridden the roller bearings. 

A zone of rather high intensity at the S. S. W. corner of the 
isoseismal stretches for over 60 miles in a W. N. W. — E. S. E. direc- 
tion from south-west of Arrah to east of Bihar, where many of the 
buildings were severely fractured. North of this belt, and south 
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of inoseismal IX, the damage was distinctly less. This belt has been 
separated from the normal isoseiamal VIII by dotted lines, and is 
designated VIII. Fissures and sand vents were formed at Bikram, 
south of Hilsa, north of Liickee Sarai and north-east of. Sitakiiiid. 
At Bikram they were accompanied by subsidence of buildings. 
In general, fissures and sand vent^s were absent south of the Ganges, 

The eastward continuation of isoseismal VIII includes the hill 
stations of Darjeeling and Kurscong. In Darjeeling several houses 
totally collapsed. Others were damaged by the crashing of heavy 
Tuasonry chimneys through roofs and upper floors. Ground 
fissures were present at several places in Darjeeling, Tindharia 
and the Nepal liill villages. 


Isoseismal VII. 

Isoseismal VII has been prepared in the main from the answers 
to the earthquake questionnaire. The comparatively large area 
circumscribed is marked by a rapid diminution in apparent intensity 
as expressed in house damage, and the destructive power of the 
earthquake becomes visibly less. Within isoseismal VIII, the 
effects of the earthquake were sufficiently strong to invite, general 
attention, whereas within VII a detailed enquiry had to be made 
before the violence of the shock could b('- gauged. In course of his 
investigations at Goraklipur one of the authors would not have 
noticed .any damage but for information from local residents ; the 
outward normal appearance of buildings gave no hint; that an 
earthquake had taken place. Nevertheless, several large towns 
situated on the banks of the Ganges, such as Mirzapur, l>enares 
and Allahabad, evinced a certain amount of major damage of the 
nature of collapsed houses, fallen chimneys and severe cracking 
of walls. There were even one or two sand vents at Benares. 

The delineation of the southern boundary of this isoseismal is 
the result of the visit of Dr. Dunn to the Santal Parganas and Gaya 
and Hazaribagh districts. A zone of increased intensity, running 
approximately W. N. W.- E. S. E., occurs within this isoseismal, 
extending from the Santal Parganas, between Jasidili and Dumka, 
through Gaya, thence continuing towards Allahabad, Mirzapur 
and Benares, where the damage, although not quite as high as at 
Gaya, is somewhat higher than the normal for isoseismal VIL 
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ISOSEISMAL VI. 

Except for Chota Najf^ur, to the south of the epicentre, and also 
Calcutta, the greater part of the region covered by isoseisrnal VT 
has been estimated from the replies to questionnaires, A very 
significant feature of this isoseismal is its enormous extension to the 
west, into Rajputana, over a width of nearly 400 miles. 

Som(' of the features of this zone indicate the high standard of 
intensity which we have set in judging damage for delineating the 
isoseismals of this earthquake. Cracks were very common in 
buildings, not only in those of old or poor construction, but also in 
new structures of most excellent materials, particularly in such 
places as Dhanbad and Ranchi. Plaster commonly came off the 
walls, objects were thoroughly shaken and occasionally small 
ornaments and bottles fell. One of the authors, enjoying a bath 
at the time, in Dhanbad, can testify to the violence of the shock 
there. Most people ran out of doors wherever possible. 

This isoseismal includes a number of large towns, such as Agra, 
Lucknow, Cawnpore, Katni, Ranchi, Dhanbad, Asansol, Burdwau, 
Dhubri, but the most important is Calcutta which we have inidudcd 
at the southern edge of the area cmolosod by it. 

Perhaps the first note concerning the earthquake was written 
by Dr. Coulson, of the Geological Survey, iii Calcutta a few minutes 
after it occurred. He remarked that the shook took place at about 
2*40 p. m. Calcutta time, and lasted for about five minutes. Most 
of those who were in tlie Ceologhjal Survey biiildiug rushed out 
of doors and stood by the lake. He noticed that the lake w;iter 
was in considerable movement, lapping the northern edge. Tlie 
shock was sufficient tn shake doors of alinirahs and papers on his 
desk. The fans and hanging lights commenccHl swinging from north 
to south (maximuTU double amplitudci about 18-22 inches) and wcr(i 
still swinging at 3-00 p. m. Minor cracks were developed in tin*, 
building, particularly along old fractures. 

Cracks were developed in quite a number of buildings in Calcutta, 
but few were serious. At St. Paul’s Cathedral the cracks below the 
steeple (a very old structure) so weakened the structure that it 
later became necessary to demolish the steeple and tower and to 
reconstruct that part of the Cathedral. 

Movement in Calcutta appears to have been considerable ; an 
observer at the top of Tower House, the tallest building in Calcutta, 
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looking down vertically to tlic pavement below, noted tluit tlio top 
of the building appeared to be describing a kidney-shaped figure 
with a diameter of 30 inches. On the otlier hand tlif‘ blien Director 
of tfie Geological Survey, sitting in liis room at the south end of 
the second floor, was quite unaware of any (earthquake. 


LsOSEISMAL V AND COWER. 

All the lower isoseisinals were drawn from the information 
supplied in the rcqflies to (}uestionnair(^.s. The position of isosens- 
nial V was very delinite and entailed little disenssion as fo its (ielinea- 
tion ; ontsi(te of its limits there was a diicidedly rapid diminution 
in proportion of people by whom tlic sliocdc was felt. In the 
Lheliminary Report, written in J934, isoseisinals IV ^ 111 and 11 
were' grouped together, but Mr. A. M. N. Ghosli, whilst abstracting 
the replies to questionnaires, has since Ixh'u able to separab'. IV 
from III and 11. Isoseismals III and 11 were grouped together 
<‘is the information supplied iu the replies to ({uestionnaires was 
insulHeh'ut and too ineonsistsnit to admit of separating them. 

1di(‘rc is difficulty in determining the boundary of the area ov(?r 
\vhi<'h the shock was felt. Tlius, a fairly consistent line runs from 
just south of Bombay to just south of Ongole, south of whicJi almost 
oil the r(q)lics to the questionnaire report that no sh(>ck was felt 
(Satara, Sholapiir, Kurnool, Nidlore). Yet, tlui shocik was felt 
v(uy slightly by two people near Madras and by two otluws at 
Dharwar. We have drawn isoseismal line II to separate tin', area 
over wliich the shock was felt in general from that over wliiedi the 
great majority of people failed to notice a shook. The estimated 
area of 1,900,000 square miles, over wlii(di the sho(*k was felt iu 
general, is that enclosed by isoseismal II. 

There are three unusual features to which attentiuu must bo 
drawn. North-west of Gauhati there is an area in the Brahma- 
{Ultra valley in which the intensity was IV, definitely lower than 
that of country on all sides. Around Cuttack on the Mahanadi 
delta there is a small area, isolated in isoseismal IV, iu which the 
intensity was severe even for V and approached the severity of VI. 
‘Similarly, on the Godavari-Kistna delta, there is a local area of 
intensity IV isolated within isoseismal II-III. 

D 2 
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Other shocks. 

A shock was reported as having been felt at about the same time 
as the main earthquake in the south-western coastal region of Penin- 
sular India, including South Kanara, Coorg and Travancoro, As 
a somewhat similar sympathetic shock occurred at Madura in South 
India about six minutes after the Srimangal (Bengal) earthquake 
of 8th July 1918, some credence was at finst given to the reports 
from South India following the shock of the 15th January. (doser 
enquiry throws considerable doubt on the reports. It w^as only 
after knowledge of the shock in the north became public that a few 
people in Cochin remarked that they had felt a momentary giddi- 
ness at 2-15 p.m. on the 15th of January. The impression was 
also heightened by the fact that there was an unusual swell on at 
the time outside the harbour. The Harbour Engineer-in-chief 
reported that certain buildings on reclaimed land had subsided 
|-inch as a result of the earthquake, but as the measurements were 
not taken until some time later it is doubtful whether they were 
related to any presumed shock. There is, however, the possibility 
that the recent sediments, along this part of the west coast, gave; 
rise to a local increase in intensity in a similar manner to the local 
increases at the mouths of the Mahanadi and Godavari rivers. 

Eeports submitted more than two months later from South 
India described a s^iock occurring in the early morning between 
2-30 and 2-40 on a date variously reported as from the 11th to 
16th, but according to the majority on the 12th. This shock 
certainly cannot be described as a sympathetic shock ” to the 
Bihar earthquake. Most people were asleep and the sliock was 
reported as lasting from one to 30 seconds. 

A shock was reported from near Moulmein in Amherst, Burma, 
at a distance of 250 miles south-east of the limits at which the main 
earthquake was felt. The well-populated area around Bangoon 
and Pegu, in wdnch no shock was felt, intervened between Moulmein 
and the limit of the main earthquake, and the evidence of the local 
l^hock is doubtful. 



CHAPTER III. 


EARTHQUAKE EFFECTS. 

(J. A. Dunn, J. B. Auden and A. M. N. Ghosh,) 

Sounds. 

Much has been written on earthquake sounds and their varia- 
tion from place to place ; they are always close to the lower limit 
of audition. Any vibrating body will give out sound waves provid- 
ing the frequency is witliin the range of audition, and the pitch will 
vary with the frequency. Practically all observers agree that the 
Bihar earthquake w^aa preceded and accompanied by sound, various- 
ly described as comparable with the noise of several aeroplanes 
a heavy motor lorry approaching goods train a pass- 

ing motor car or a train passing through a tuuuel In the 
central region several observers recorded that the sound appeared 
to emanate from the ground beneath their feet. One of the authors, 
who was having a bath in a bungalow situated within isoseismal 
VI, thought at first tliat the noise was due to a sudden sharp wind- 
storm. The sound was loudest within isoseisinals VIII to X, 
and masked the noise caused by the collapse of buildings, the rattling 
of doors, windows, furniture, etc. The soiiud was recorded from 
places as far away as isoseismal V. During some of the after- 
shocks similar sounds were heard locally. 

Difficulty has sometimes been expressed in explanation of the 
fact that shocks are often said to be heard before they are felt, as 
seismic waves are faster than sound waves. However the sounds 
emitted are independent of the speed of the seismic waves, but are 
indirectly dependent upon the frequency of those waves. The 
frequency of a vibration determines whether or not it is audible ; 
the amplitude of a seismic wave determines whether or not it is felt. 
A low amplitude wave may not be felt, but its frequency may be 
such that the sound wave emitted may be audible. . Still, the rela- 
tion between the seismic vibrations and the pitch of the sound 
waves cannot be a simple one. During the transmission of seismic 
waves, rock particles are naoving rapidly against each other and the 
secondary vibrations so set up may give rise to sound waves. 

( 27 ) 
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Sounds have also been recorded as arriving several minutes 
subsequent to earthquake shocks. These are usually of the nature 
of heavy reverberations and come from a definite direction, usually 
that of the epicentre. Hayes (1929) points out that they are 
atmospheric disturbances produced by crustal movement at the 
epicentre and travel with the speed of sound but take a long path 
through the upper atmosphere. Sounds of this nature were not 
heard after the Bihar shock ; even if they had occurred it is doubtful 
whether they would have been noticed in the excitement following 
the shock. 

It is interesting to note that in tlie area north of the Ganges 
there was a general consensus of opinion that the sound passed 
from a north-westerly to a south-easterly direction. It is now 
difficult to judge whether or not this consistently described direc- 
tion was a psychological effect arising from the early acceptance of 
the epicentre as being in the Himalayan foothills. It is difficult 
to reconcile the direction with the speed of transference of shear 
waves, and, so far as we can judge, the sound was heard more or 
less simultaneously over the whole area and cannot accordingly 
have originated from a point. One suspects that the consistently 
reported direction of movement of the sound may also be psycho- 
logically connected roughly with the felt direction of movement. 


Ground movements. 

Ground movements during the shock naturally reached their 
maximum A^ithin the central tract. It has not been possible to 
obtain any consistent description of these movements, but the 
brief emotional minutes of an earthquake crisis are scarcely con- 
ducive to sustained exact observation. Certain facts do stand 
o\it, however, the principal amongst which being that both hori- 
zontal and vertical movements were experienced and the movements 
at any one place varied at different stages during the progress of the 
shock : for a time the main movement may have been east-west, 
then it changed fo north-south, and again to vertical ; many people 
felt also a circular movement both clockwise and anti-clockwise. 
Some observers recorded a distinct pause or diminution in intensity 
between the change in direction of the movement ; indeed, the 
great majority of observers remarked that the main damage was 
done immediately after one such lull in intensity. Occasional 
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ofcservers remarked that the shock reached its full intensity almost 
at the commencement and continued without pause until the end, 
bat easily the greatest number of people noted that the maximum 
intensity w^as not reached for some time. 

In the central tract few people could stand unsupported, and 
even in towns as far distant as Gaya and Duinka many had to sit 
on the ground. One of the keenest observers, a police official who 
was sitting calmly on the ground outside his bungalow at Motihari, 
recorded three distinct thuds directed upwards. 

On tlie whole the majority of observers appear to have noted an 
approximately east-west trend for the principal destructive move- 
ments, except in the epicentral region, and this alignment is con- 
sistent witli the general (although by no means invariable) direc- 
tion of the fall of such objects as were free to collapse in any direc- 
tion. This east-west movement was noticed by tlie swing of 
objects even as far soutli as Ganjam disirict, south of the Mahanadi 
river, in Madras IVesidency. Within isoseismal X the fall of 
objects was consistently north and south. 

Large surtace undulations were actually seen by many people, 
and their occurrence in an earthquake of this magnitude must be 
accepted as authentic. They were seen as far away as Asansol, 
in isoseismal VI some 2t50 miles from the epicentral tract, by a 
group of colliery managers who described them as moving over the 
alluvium from west to east, perhaps 12 feet from crest to (U'est and 
(') inches in height from trough to crest. An observer at Muzafl’ar- 
pur, close to the epicentral tract, considered the crest to crest 
distance to be 6 feet and the amplitude about 6 inches. Others 
have stated that buildings seemed to be tilted backwards and 
forwards on the crests of much larger undulations. The west 
compound wall of the Belsund Sugar Factory at Higa, aligned north- 
south, remained in wave form with two crests and a trough ; the 
crest distance was 240 feet and the total vertical displacement one 
toot. A north-south watercourse at the Sugar Cane Jtesearch 
Station at Mushari also remained in tlie form of waves whose crest 
to crest distance varied, one measuring 240 feet. Thes(i two 
ohservations were taken in localities where ground subBidcnce was 
considerable, and it is possible that, although the vaves veie 
noticed only along stiuctuies with a noith-eoutli aJigiiinent in 
localities where the fall of objects indeptrdently suggested north- 
^^oulh movements, they si ould be regaidfd as due to subsidence 
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and not as examples of “ frozen undulations The concrete floor 
of the ci\nl court at Motihari was broken up by close fractures in 
just such a manner as might be expected by the passing of 
surface undulations. 

Notwithstanding that many seismologists are disinclined to 
believe in the existence of such undulations, the authors of this 
memoir have no difiiculty in accepting them as an established 
accompaniment of earthquakes of this magnitude, even although 
the dimensions given by observers may be exaggerated. These 
slow moving undulations must not be confused with the waves of 
high acceleration which cause the overturning of pillars, etc. The 
undulations do not, of course, radiate from the epicentral region, 
but are generated locally, apparently usually in alluvium, as a 
surface eflect of the earthquake waves proper ; they travel slowly, 
perhaps 10 to 12 miles per hour, and individual undulations rapidly 
die out. 

Several obsej'vers have described the manner in whicdi trees 
and telegraph poles were shaken ; many of the latter catne down, 
but surprisingly few trees were uprooted. Palm trees, being supple, 
whipped about like canes. 

Collapse of buildings. 

The worst effect of an earthquake, apart from loss of life, is 
the collapse of buildings. There is, curiously enough, little informa- 
tion on the manner in which such collapse took place. In some 
instances this collapse appears to have been piecemeal, but in many 
cases the whole building crashed instantaneously. One resident of 
Monghyr was sitting outside a bungalow and watched the cracks 
form in the wall “ just like forked lightning ”, the cracks opened 
and closed during the remainder of the movement as if opposite 
corners of the building were being alternately raised and lowered- — 
the passing of surface undulatious just described would have some 
such effect. Cracks which developed in concrete floors also appear 
to have opened and closed in the same way. Freijnently the cracks 
in both walls and floors remained gaping. 

As a general rule the oldest buildings were the most severely 
damaged, and usually collapsed in the central area. The oldest 
buildings in North Bihar were constructed with mud mortar and 
there was little to bind the bricks together. Still, quite a con- 
siderable percentage of the better type of buildings did not escape 
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damage, many being destroyed. One of the finest buildings in 
this part of Bihar was the Pusa Agricultural Institute, a large well- 
built structiire of stone and brick ; this was traversed from end to 
end and from roof to foundation by great gaping fractures which 
rendered the building completely useless. 

Buildings were destroyed in either of two ways : by actual 
shaking down under the action of earthquake waves ; by sub- 
sidence and spreading or tilting of the foundation. Collapse due to 
actual shaking was for the most part amongst older and badly 
constructed buildings. Destruction by subsidence of the founda- 
tions, so typical of the “ slump belt ”, affected every type of heavy 
structure, including those built of the best material. 

Monuments were overturned or rotated. Bride arcluxl bridges 
collapsed, steel girder bridges wnre destroyed by tlui piers either 
overtuvning or the girders falling. Pile bridges moved irregularly 
up and dowm, although most piles seemed to work upwards as the 
result of the shock; some even moved laterally dowiistrcaui ; in 
other cases the piles were bent over at right angles as a result of 
being pushed from either bank. The advantage of screw-pile 
bridges is that although they may be contorted they are frequently 
negotiable by traffic after an earthquake. 


Damage to railway. 

The greater part of the railway system in North Bihar was 
severely damaged. Some extracts from a report by Mr. J. William- 
son, Agent to the Bengal and North-Western Kailway, give a clear 
view of this damage. Fig. 1 shows the lines affected. 

“ Of tbo 2,100 miles comprising the Bengal and North Western and Tirluit 
System, it may be said that on 900 miles traversing Noitli Biliar and the oastein 
United Brovin(;ew hardly a mile of track was undisturbed ; embankments settled and 
even disappeared entirely, the rails remaining suspended, elsewhere they were 
raised or shifted many feet laterally. The permanent way, even wliere least dis- 
torted, may be likened to a construction line on anew high hank whieJi has passed 
through a heavy monsoon without attention. >So severe is tlie tlistortion in places 
that a trolly could not ho safely taken round kinks. Not a bridge remains un- 
damaged from minor cracks in arches, wing walls and abutments, displacoil piers 
and girders, to complete destruction. Trainiiig works and guide-hanks of large, 
bridges have been cracked and shaken 

“ Deeply founded piers and wells of largo bridges have been moved many inches 
either longitudinally to the bridge or laterally.” 
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Fissures. 

North of the Ganges the formation of fissares in the ground 
was very widespread over certain zones. South of the river, such 
fissures occurred at only three isolated localities. 

The fissures were found generally to follow pronounced surface 
features, such as river banks, lakes, tanks, ditches, road and railway 
embankments, when these were present. Commonly there were 
formed concentric circular fissures around heavy buildings. In 
flat country, devoid of features, the fissures rarely showed any 
constancy in direction ; more generally they occurred as an irregular 
network. 

Sometimes the fissures were arranged as a series of step faults, 
others resembled trough faults where the ground sank between two 
parallel fissures. In some the walls of the fissures were closed, in 
others they were wide apart but infilled with sand and frequently 
this sand was not up to ground level. The maximum width of any 
such fissures was about 27 feet, but the majority were less than 
12 inches. The length of the fissures varied greatly ; one at Pusa 
■was 700 yards in length ; more usually they wore lessthan 100 yards. 
There is no reliable information as to the depth of individual fissures. 
It is doubtful if any extended as open fissures for more than 40 to 
50 feet in depth for a period of more than a few seconds, as they 
were almost immediately filled with sand. Although it is unhkely 
that individual fissures extended to any considerable depth, it is 
quite probable that throughout the whole depth of this alluvium a 
series of dislocations or faults took place as a result of unequal 
movement of the unconsolidated beds. 


Emission of sand and water. 

Sand and water were copiously discharged from many fissures, 
and also from individual vents, and they provided one of the most 
remarkable features of the earthquake. Such a phenomenon is, 
of course, common enougli in earthquakes over alluvial country, 
but it may be doubted if any earthquakes in historical times, except 
those of New Jfadrid (U. S. A.) in 1811 and 1812, have equalled 
that of Bihar in the extent of this phenomenon. 

It is well to point out that an exaggerated impression of the 
degree of sanding is obtained by casual eye inspection. Sand 
vents in a field are more conspicuous than the parts of a field bare 
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of sand and deceive the eye as to their true areal importance. 
Actual measurements carried out in two fields which appeared 
considerably affected by sand, in a region of tlie Nepal terai near 
Koilpur (26^ 41' : 86"^ 17'), gave the following results 

Fif'ld 40 yards square !(> vonts. 

Field 1 20 by 90 yards vents. 

Taking the average radius of a sand vent and cone in that nigion 
to be 2 feet, tliese fields show respectively 1*4 per (*ent. and 
0-4 per cent, sanding. 

Sanding reached its maximum \Yit])in and close fo the “ slump 
bell ” which has an area of 4,700 square miles (12,200 square kilo- 
meires), but scattered affected areas wer(‘ found williin a rt^gioii of 
18,000 square miles (40,000 square kiloni(tres) forming part of 
isoseismal VTJI and higher isosthsmaks. Tlie t'xlent of lliis sanding 
was popularly much exaggerated during the first few wt’eks follow- 
ing tlie catastroplie. Mr. \V. D. Jlrctt (1035, pp. 30-37) supplies 
figures of the sanded area. Witliin an area of 4,137 square miles 
only 15 per cent, or 015 square miles was found to hv. aiyocted. Of 
this, 7 per cent, contained deposits of sand less tlian 0 iiicbes deep, 
62 per cent, was below one foot, 37 per (‘(utt. or 227 square mihs 
contained sand over one foot deep, and 4 per cent, or 24 square 

miles had deposits of over 2 feet deep. The strong Afnil-May 

winds earned off and distributed much of tlie sand and the succeed- 
ing monsoon rains continued this work, so that only a very small 
fraction of the sanded area was permanently allected, and much 
even of this land proved to have been made actually more I'ertiliv 
'the early view of the OcoJogical Survey that the actual damag(‘ 
due to sanding would be almost negligible has been justified. 

It seems to have been a general experience that the uprise of 

sand and water took place towards the end of the main shock, or 

after tlie main shock had subsided, sometimes as much as several 
minutes later. One observer at Saganli noticed that it began at 
14*20 hours and continued for about 3 hours. Mr. A. Macdonald 
of the Kyam Sugar Company, Darbhanga, stated iliat fully six or 
seven minutes elapsed before ejection oF water and sand com- 
nirnecd. Wells continued overflowing there for one and a half 
hour* Similar delay in the emission of sand and water was noted 
iti the Assam earthquake and quoted by R. D. Oldham (1899, 
pp. 25-26). 
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Occasional observers have stated that the water which spouted 
upwards in the form of geysers reached a height of 30 feet, but it 
is difficult to credit this figure. The majority of reliable observers 
give the maximum as 6 to 8 feet, the height gradually diminishing. 
Most fountains were much less than this maximum and a large 
amount of water merely flowed gently from fissures. One of the 
most vivid and accurate accounts of the phenomenon was from 
the pen of Mr. H. 0. Gordon, General Manager of the Sursand Raj. 

He wrote ‘ As the rocking ceased water spouts, hundreds 

of them tlirowing uj> water and sand, were to be observed on the whole face of the 
country, the sand forming miniature volcanoes, whilst the water spouted out of 
the craters, some of tlie spouts were quite 5 feet high. In a few minutes — as far 
as tlie eye could see -'Was vast expanse of sand and water, water and sand. The 
road spouU^d water, and wide openings were to be seen across it ahead of me, then 
under me, and my car sank, while the water and sand }>ubbled and spat, and sucked, 
till my axles were covered. “ Abandon ship ” was quickly obeyed, and my man 
and I stcppc'd into knee d(‘ep hot water and sand and made for shor(5. It was a 
surprisingly cold afternoon and to step into such temperature was surprising \ 

Lines of sand vents, like the fissures, found generally to 

follow pronounced surface features sucli a>s rivt?r l)anks, lakes, 
tanks, ditches, road and railway embankments and, along the 
slump l)elt sand came up in quantity around the plinths of 
sunken buildings. It even came up through the floors of houses 
and factories ; about 3,000 cubic feet (85 cubic motors) came up 
through one portion of the factory floor at Barachakia. Sand 
flowed into most of the wells and in many cases oveu'flowed from 
their tops, so that hundrt^ds of wells were found to be completely 
infilled with sand after the earthquake. 

In places the surface was riddled with sand vents, sometimes 
so completely that small areas, perhaps up to an acre or so in extent, 
might be compared with boiling porridge. Although the vents 
soinctimes follo^ved certain directions they were generally clustered 
together haphazardly over the area. Two types of vents were 
observed, as follows : — 

The first type simulated miniature volcanic craters, having n 
low conical ring-shaped mound with a shallow depression in the 
centre. The diameter of such vents and cones of extruded sand 
varied from a few inches up to 20 feet. These vents were generally 
confined to low marshy ground, old river beds, borrowpits on either 
side of roads, causeways and railway embankments. In a few 
instances they were found at the bottom of large fissures. 
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The second type of sand vent was in the form of a crator-liko 
hollow, with the inner walls sloping towards the centre of the largo 
depression. Much sand and water wore discharged from vojits 
of this typ(^ The two diameters of such an elliptical blowdiolo, 
at Mu/-affarp'*i‘j weix^ found to measure 25 feet and 10 feet. An- 
other at Eajnagar was even larger. 

As }night be expected tlie sand was fre()uently sorted as 
flowed from the vents, the coarser material l)eing deposited close 
bv and the 'liner material further av-ay from the exit. In addition 
the sand was not uniform eith(‘r in general texture or in composi- 
tion throughout the area. This is in accordance with tin' h(d(‘rogene- 
oiis nature of the alluvial strata from which it was derived. The 
texture varied from V(Ty fine silt to coarse sand. The colour when 
wet was geju'rally dark ash grey to grey, but became, |)Mler as the 
sand dried. Idle darker sands owed their colour to tinely dis- 
seminated particles of carbonaceous matter and to flakes of biotit(‘. 
Nortli and east of Muzalfarpur a copper coloured mica was prevalent 
in the sand. In Saran district a rusty yellow saiid was (ximinon. 

The absence of clay was noticeable, but to be expected, for in a series 
of beds of loose sand and clay the former is tlie more likely to l)e 
washed out with the upward rush of water. 

In a few places, such as at Purnea and Kajaputty, spindle- 
shaped lumps of semi- compacted mud and silt w(TC ejeoteil. Tliese 
were sometimes polished and striated as a result of movement 
through sand on their upward journey. The largest of sucli lumps 
which has (‘ome to our notice was one foot in Ifmgth and five and 
tliref3-(}uarter inches in widtli. At Chakia in C-harnparan, pi<‘ces 
of wood were ejc'cted. 


The sand is unlikely to have' come from any great (h‘})th, and is 
Jiot necessarily dependent nj)oi\ the de.pth from which the watiT 
was propelled. The type of sand and silt emitted often did Jiot 
<lifTer from tliat found along present river beds. Mr. Kemp ol 
Pipra, Cbamparan, states that the sand, locally emitted, is similar 
to that found between about the 40 aiul 50 feet levels in the deep(*r 


wells. Dr. K. S. Caldwell, of the Science College, Patna, suggests 
a depth of about 20 feet for the sand in tlie Muzaffarpur district. 
Water-bearing sands arc common at about this depth below ground 
level and it is very probably this sand, dov/n to which the wells 
penetrated, that was forced up to fill them. From a well at Sagauli 
Sugar Factory three different types of sand emerged, presumably 
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from three different strata at varying bat shallow depths below 
the well. The casings of two tube wells at Sagauli were botli 
sheared off at 53 feet below ground level, making it impossible to 
sink rods after tlie earthquake. Evidently there was differential 
movement of the strata, and it is possible that this was accompanied 
by c.oncornitant loss of sand from this level. 

Tlie universality of the sand in some places, and the closeness 
of the vents, suggest no great depth for its origin, since the greater 
the depth of the channels leading up to the vents the more localised 
and separated would they probably be. Probably much of the 
.sand in fissures came from beds immediately adjacent to tlie walls 
of the fissures. 

The topmost water-bearing sand is the horizon that would be 
most under the influence of the largc'r amplitude and range of vibra- 
tion e.xhibited by earth([uake waves acting on tlie free surface of 
the alluvium, and hence would be the most likely to escape through 
fissures and vents. This does not prove, however, that all the sand 
or water was of shallow origin. It has just been mentioned that 
three different sands came out of one widl at Sagauli. Further, 
the lumps of clay which came up with the sand at Purnca and other 
places, arc so well rounded that some considerable distan(;e of 
transport through channels is indicated. Purnea lies on a bed of 
sand some 80 feet thick, and tin; clay must have come from some 
depth greater than this. Water from the deejicst affected strata 
at any one place will carry with it sand from the various over- 
lying water-bearing sands througli which it is forced. 

It may be pointed out that in sinking n/o(a or cavity wells in 
alluvial ground, water-bearing saiuhs, when first encountered, arc 
often forced up from below in sufficient quantities to fill the well 
(Lacey, 1926, p. 139). Such /woto wells re<iuire an impernu'able 
stratum of clay above the water-bearing sand. Under normal 
conditions, therefore, in alluvial country, there may often be a 
considerable head of pressure to the water in alluvial sands. An 
earthquake causes the fi.ssuring of the overlying beds and the com- 
pression of the water-bearing sands, w'hich may in places have 
already been under hydrostatic pressure. 

Dr. Coggin Brown, in a letter to Nature (1934, p. 295), states, 
following Oldham, that the requisite condition for the emission of 
sand and water is a bed of impermeable clay. The inertia of this 
is believed to cause a compression of the watery sub-stratum and 
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the expulsion of the water and sand through cracks formed simuh 
taneoasly above. This does not seem a complete explanation, 
since sand vents were noticed in Bihar in regions where clay is 
absent, particularly, for example, in Pur?iea district. Often, 
indeed, a thick bed of clay seemed to form an impermeable cap to 
the sand, preventing its omission, probably because it Wiis i;enacao\is 
pTiough not to fissure and afford avenues of escape. 

The fact that sand and water frequently came up after the shoid^ 

]iad subsided suggests that the inertia of the ovf^rlviug stratum is 
not the main cause of the compression, since difftu'enees in inertia 
would cease to be of importance once the ground movements causi'd 
hv the shock had ceased. It is possible that water, already und(‘r 
hydrostatic pressure under natural conditions, rose npwiirds as a 
result of the breaching of the overlying strata, and contimied to 
flow until the pressure was relieved. 

The shallow depth of most of the sand is suggested l)y the, 
arguments given above. The water, on the other hand, probal)Iy 
carno botli from the higher water-bearing sands and from low<u 
down. Oompression caused by earthquake waves was probably res- 
pousible for the relatively rapid emission of sainl and water from 

higluu horizons, while the water which coritinuerl to flow for some 

time afterwards may have come from lower depths wh<n*e loiig- 
standing hydrostatic pressure took some time to be relieved. 

The greatest depth from which the water was derived is not, 
of course, known. The fact that the water was frcipumtly 
reported ’to have been hot is some indication tliat it may have 
<M>me from a fair depth. In the field we discounted at once 
most stories regarding the temperature of the water, as being an 
attempt to attribute unique properties to what was thought to lj(i a 
unique phenomenon. Thus, at Mushari the water was said to ])e 
so hot that it withered the local cane. Mr. K. L. Klianria, 
Sugar Cane Research Specialist, who was at Mushari at the time 
of the earthquake, stated that the temperature of the water was in 
reality about 21®C (70°F). It was more difficult, however, to 
discount the evidence of reliable people who stated that in pliices 
the water was hot. Mr. Dobson, of Belsund, was positive that the 
temperature of the water coming up in his compound was that of a 
hot bath, say 43°C (H0°F), a figure which, notwithstanding its 
source, must be accepted with reservation as probably exaggerated. 
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It is of interest to compare the Bihar-Nepal earthquake with 
the New Madrid earthquake of 1811 and 1812 (Fuller, 1912). New 
Madrid lies in the Mississippi valley at Lat. 36° 35'N : Long. 89° 
32'\\^ The river meanders over an alluvial plain which is 60 miles 
in width, and is flanked on the north-west side by an upland of 
old Palajozoic rocks and on the south-east side by a young Tertiary 
plateau. All the phenomena so noticeable in the Bihar-Nepal 
earthquake occurred also along the Mississippi valley. Clear signs 
of sanding are still preserved ovi-r an area of 1,400 square mUes 
along the alluvial plain west of the Mississippi but, from historical 
records, it is apparent that a much more extensive area was formerly 
covered by sand. Whole districts in the neighbourhood of New 
Madrid were so affected as to be rendered temporarily uninhabit- 
able. The sand occurred in the form of sand blows, t;orrcspondiug 
to the sand vents of our accoimt, sand sloughs, or linear depres- 
sions, and sand scatters or thin surface coverings of sand. 


Slump Belt. 

Along a belt of country in North Bilrar, enclosed by isoseistnal 
IX, and including the epicentral tract bounded by isoseismal X, 
there is found to be an intensification of those effects of earthquakes 
generally manifest in alluvial ground. 

This belt was termed the slump belt by Dr. Dunn and ^vas meant 
to indicate the area in which tilting of houses and sub.sidence of 
ground were more marked. It encloses an area of 4,700 scpiare 
miles or 12,200 square kilometres in Bihar. It extends for about 
190 miles in a W. N. AV. — E. S. E. direction, enclosing wide areas in 
the Champaran district on the west through Muzaft'arptir a,nd Dar- 
bhanga district, to as far as Purnea on the east, wh(?re it narrow's 
down considerably. On the north it includes, by inferencaq portions 
of the Nepal terai. 

The chief criterion adopted in the demarcation of this belt was 
the behaviour of buildings and other structures. These tilted and 
slumped bodily into the alluvium, but seldom tumbled brick from 
brick. Sinking w'as often differential, in proportion to the relative 
pressures of the parts of the buildings per unit areas. 

Subsidence of road causeways and railway embankments was 
marked, in some cases embankments originally 6 feet high sank 
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down level with the surrounding country. Tanks, lakes, borrow 
pits and other depressions became noticeably shallower as a result 
of uplift of their bottoms — the tendency on the whole was for eleva- 
tions and depressions to approach a conimon level. Fissuring and 
emission of sand and water reached their maximum development 
along this belt. The effects of slumping were on the whole more 
marked alojig lowlands, marshes and near the edges of rivers, lakes 
and tanks, but were not confined to such localities. 

The damage to buildings along this belt is in contrast to that 
of the area between MiizalTarpur and Darbhanga, where houses 
were razed to the ground. The fact that both these belts stretch 
so far in an E. S. E. — W. N. W. direction, crossing rivers and inter- 
vening higher land, suggests that their distribution is not primarily 
associated with the height of the ground water level, for it is impro- 
bable that the water table is a uniform height below surface both 
near the rivers and along the intervening higher land. The explana- 
tion of the difference in the type of damage betw^een these two belts 
is proluibly to be sought in their disposition relative to the focal 
r(‘gioii of propagation of the earthquake. The cpicentral tract 
and the slump belt, lying vertically above the focal region, received 
vertical shocks rather than oblique. Muzaffarpur and Darbhanga, 
on the other hand, being further removed from the focal region, 
received an oblique shock, and suffered less slumping but greater 
sliattering. 

Mention was made in the preceding section of the extrusion of 
sand as a result of the New Madrid ('arthquakes. These earth- 
(luakes iYre of interest also in affording indisputable evidence 
of vertical movements. Areas of sunk Imuh are still preserved 
along tlio alluvial deposits west of tlie Mississippi valley, over 
a total extent of about 1,000 square miles. The maximm 
depression was about 20 feet. Extensive river swamps and lakes 
developed, and forests were flooded with the result that trees were 
drowned and stand now, over 100 years after the shock, as dead 
stumps above water level. The land was locally warped upwards 
between the sunk lands, both depressions and elevations I>eing 
attributed by Myron Fuller to the same cause. He states (1912, 
p. 74) 

“ The sunk lands may be divided for convenience into locf^l and general areas. 
The former, commonly known as slonghs, are nearly always asHoeiaied with ex- 
trusion of sand and may have resulted from undermining incident on the ejection 
of the quicksand beneath the upper alluvial beds or from the contraction of this 
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sand caused by its agitation and readjustment by the earthquake vibrations and 
the loss of its water. The more extensive sunk lands, however, especially when 
taken collectively, seem to require a more potent cause, there being far too little 
extruded matter to aocoimt for the depressions. This cause is presumably allied 
to those producing doming .... In brief, the sunk lands probably resulted from 
a warping and lateral movement incident to a subsidence in tho floor of the basin, 
approximately along the line of the faulting that gave rise to the earthquake.” 


Changes of level in North Bihar. 

Prior to the earthquake evideno*'. had accumulated which 
suggested that a secular rise had been taking place in parts of Bengal 
and in North Bihar relative to Calcutta of as much as 0-5() foot per 
year. A map showing contours of this inferred secular rise was 
published by Dr. de Craalf Huuter in Nature (1934, p. 236). It 
had long been known that an area of underload occurs in North 
Bengal and North Bihar, and Dr. Hunter suggested that the land 
had been rising over the region of underload, the rate of rise increasing 
as th(! centre of the region of underload was approached. Ho also 
considered that the earthquake had caused a further and sudden 
rise of land. Both the postulated secular rise and the assumed rise 
as a consequence of the earthquake, wore thought to represent 
a tendency of the crust to reach isostatic equilibrium. 

Dr. Hunter’s note in Nature was published on February 17th, 
1934, and was evidently written immediately after tho earthquake, 
before many details were available. In actuality, the land has 

sunk rather than risen, and Major Bomford, R. K., has been led, as 
a result of a full examination of the levelling records, to abandon 
the hypothe.sis of a secular rise of the alluvium. Tliere remains 

now a series of level diff(!rences which is i!ie.xplicable in view of the 
high precision of the levelling operations. 

Shortly after the earthquake, the Survey of India midertook 

the relevclling of two lines in North Bihar : — Bagaha-Motihari- 

Muzaffarpur-Darbhanga-P urnea, and Bagaha- Ra.xual-Sitamarhi-Dar- 
bhanga. The results of these surveys are published iu the Geo- 

detic Reports for 1934 (p. 24), 1935 (p. 11) and 1936 (p. 93). It was 
assumed that the level of Bagaha was unaffected by the earthquake, 
the differences in level elsewhere being deduced from this unchanged 

level. This assumption is certainly reasonable. The fading in 

intensity of the shock from Bcttiah to Biigaha is very rapid ; more rapid 
probably than along any other section across the isoseisnials, 
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Bagalia, though only 32 miles from Bettiah and 93 miles from Sita- 
marhi, comes within isoseisinai VI, and is less damaged than Allaha- 
bad, which is in isoseismal VII and is 235 miles from Sitamarhi. 
The completion in 1936 of a line from Bagaha, through Benares, 
Allahabad, Cawnpore and Jhansi to Sironj in Central India indicates 
(hat this assumption is correct and that for the 70 years previous 
to 1936 the level of Bagaha has remained unchanged. 

An examination in 1934 of the changes in level resulting from 
the earthquake led us in our Preliniinary Report to mark two con- 
tours (ui oa<3 of our isoseismal maps, which \V(‘re designated ‘ Appro- 
xirnati'- lines of e(]ua.l apparent beamli mark sul)sideuc(i determined 
by re levolliiig operations of the Survey of India b (Auden and 
Ghosh, 1931, p. 204 and Plate 20.) These contours have, now been 
deleted, be(‘,ausc a fimil examination of the levelling records by 
Major Boniford indicates the uncertainties which arc present in 
their interpretation, in the (leodidac Report for 1931, p. 25, it 
is stated : - 

‘ The changes in the old lines are shown in Ta})le 4. The re> iscd figures there 
ore based on Bagalia, but no other old Ixaich marks are acccipted as unehaiiged, 
Tlic circuit Bagaha-Motihari-L)arbhauga«Sitamarhi-Bagaha lijul a closing error 
of |-0‘(396 feet, wliicli }u^3 been adjusted. The table shows a sinkago of 1^ feet 
at Piirnea, which so far as the accurac}^ of the Jev(iHing goes sliould not be error, 
but 'wlii(ih may be due to the earthquake or to a slow rise at Bagaha during tlio 
riO years since the old lino was levelled, 4lls(nvlicro bench marks show sinkages 
of up to feet, and it is noteworthy that there are only four cases of elevation, 
of which th(^ largest is 0*029 foot. The largest sinJmgos occurred on stnictiircs 
vv^hich hid presumably sunk into the ground, and the omheddod bench marks 
g('uerally show smaller changes, although one case of 2*7 feet occurs. Although 
thyy arc never actually in contact with liinwy structures, (unboddeiJ bemrh marks 
are generally in towns, whioh are arcfis of accnmiilation and so liable to local 
sinkago if underlaid by running sand. Consequently even the embedchsl bench 
marks do not provide positive evidence that the country as a whole has sunk, 
altliough it seems very possible that it has.’ 

Thesii results are unsatisfactory because of tlic imcertainty 
involved in estimating whether or not the l)ench marks had 
slumped into the ground. It should be remarked) . however, that level 
differences of up to 4*3 feet were recorded in tli»^ maghbourhood of 
Darblianga, a place which lies outside our slump belt and on a 
hod of clay nearly 80 feet in thickness. 

In later Geodetic Reports, the sinkage is cDiisidered to I)e l(*ss, 
for Piirnea is regarded as havbig dropped l)y only 0*50 loot, and the 
bench marks between Purnca and Darbhanga by about one toot, 

E 2 
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Major Boraforcl concludes that there is no general tendency of level 
changes of any significance, and considers that, in view of the 
closing error of feet between Darbhanga and Dinajpur, the 
apparent sinhing at Pnrnea may not be real (1937, p. 94). This 
conclusion does not vitiate the reality of the slump belt ; indeed, 
the slumping of some of the bench marks is a further indication 
of the generality of slumping phenomena between Motihari and 
Purnea. In so far, however, as many of the bench marks which 
show a drop of level were not considered by the surveyors actually 
to have sunk into the ground, it seems definite that between Bagaha 
and Purnea there has been a real, if slight, depression of the land 
surface, a depression which overlaps Imt does not coincide exactly 
with the area demarcated as the Slump Belt. The land has no- 
where been elevated more than a fraction of an inch, an amount far 
smaller than the closing errors of the surveys. It is precisely 
in those places, such as between Bagaha and Bettiah and at 
Darbhanga, where slumping was not observed during the geologi- 
cal survey, but where bench marks have sunk, that the evidence 
for a general slight depre.ssion of the land surface may be 
considered to be strongest. 


Effects on rivers. 

Mr. Mansfield, Collector of Bhagalpur, who was on tour close 
to the bank of the Balan river, a south flowing stream on the border 
of Darbhanga and Bhagalpur districts, during the earthquake, 
quotes evidence in his report that immediately prior to the shock 
the river suddenly became dry across its whole width for a short 
time. This locality W'as along the line of the epicentre and the 
evidence, which is reliable, suggests that there w'as a temporary 
uplift of the river bed at the commencement of the shock, followed 
by subsidence back to normal during the shock. 

Sir J. Williamson, Agent of the Bengal and North-Western 
Railway remarks ; — 

‘ River banka were further lashed by huge waves ; a planter who happened to 
bo standing on the banks of the Bur Gaiidak at Muzaffarpur says that the river 
was agitated into waves rising to the top of the banks some 15 feet in height. The 
agitation of the Gogra at the Inchcape Bridge and Turtipar as described by our rail- 
way men was such that the whole river washed from side to side to a great height ; 
this is corroborated by the rutted and broken down sand banks and diara lands ’. 
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He gives also the account of an eye witness 

‘ The scene on the river was frightful. Opposite where I siood, there had 
been an island of sand in the middle of the stream^ witli a narrow passage of water 
on the near side and a broader stream on wJiioh steamers plied on the far side. The 
island has become joined to the mainland. On what has been the broiwl passage, 
several boats and a river steamer were stranded. Their occupants rocked to and fro 
as the sand beneath them vibrated. On what had been the iiaiTow passage a number 
of bathers were left half sucked into the sand by the force of the receding water. 
They struggled to get free and escape. For the space of several minutes {[ esti- 
niate that the shock lasted for five minutes) the river bod remained dry. As sud- 
denly as it had vanished before my eyes, the Ganges appeared again, but this time 
it spouted uj) from the sand with considerable force, (ircat cracks and iissuros, 
some as long as fifty feet and several feet wide, appeared at irr('gular distances and 
from them columns of water shot up to the height of a man with loud bursting noises. 
The largest fissure appeared where the island had been and im the water poured 
from it, so the sand was thrown aside and sw 0 X>t away. In a ffew seconds, the 
level of the river had risen again and it sx3read from bank to bank. The Ganges 
had resumed its interrupted flow and its waters swept on as if nothing had ever 
hapx^enod. Every boat was capsized an I it w<is only by a miraelo that no lives 
were lost in my presence 

It m possible that this appearance of the ClaiigciS dry 

was merely duo to the water receding temporarily from one bank 
and piling up on the other, a plienomonoii wlucli was observed at 
several places along tlie Cranges, the (Joghra and the Bur (Jandak, 
and resulted presumably from wave action. At Luckoo iSerai one 

observer remarked that the water receded from midstream and 

sand gushed upward frojii the cxpose<l river bed. 

In conformity with the general rise in ground water lev(d through- 
out Bihal: as a result of tUo earthquake, tlie water Itivel rose in 

many rivers throughout North Bihar and contitiuel to bo 

high for some time after the earthquake. Tliis was (sp;M‘ially 
iioticed in the Balau river north of Teghra, where the lev(*l of the 
water was found to be three or four feet ahf)vo the normal height 

for February. A certain amount of silting of tln^ stnaiui beds, 

as around Sitamarhi and Uaxaul particularly, aiid the widespread 

closing in of the river banks with consequent restriction of the cross 
iicetion of the streams may have partly, but not entindy, accounted 
for tills general rise of river level. It was tliis closing in of the river 
banks which was largely responsible for the widcs])read dcstruc* 

tion of bridges. No bridge can withstand tlie l)odiiy sliilting of 
the piers and abutments. 

Captain L. E. Whitehead, Pilot Superintendent of the Low'er 
Canges section of the Indian General Navigation and Railway 
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Company, stated that the water in the Ganges was two feet six 
inches deeper over five shoals between Colgong and Goaluiido 
after the earthquake. These shoals, which occasioned difficulty 
in navigation before the earthquake became easily negotiable. This 
decrease in the height of shoals is probably in conformity with the 
general tendency during the earthquake for the surface contours 
(which will include river beds) to shake down to a general level, 
filling in ininiediately adjacent depressions, a tendency which 
would be much more apparent in easily riiiiniiig river saiids. 

Himalaya, - Th(‘rc is little information about changes of level 
in the Himalayan rivers. Mr. Campbidl Martin, of Bagaha, noticed 
that the Gandak river rose at Tribeni Ghat about five feet between 
17-30 and 18-00 hours on the J5tli January. At Bagaha the ris(^ 
was recorded between 22-00 and 23-00 hours. Villagers in Nepal 
along the Trisuli Ganga (a tributary of the Gandak) did not notice 
anything extraordinary. Again, lower, down the Gandak, in Bihar, 
no such rise was observed. Allowing for a decrease in the rise down 
the river, it is nevertlielcss improbable that one of five feed; at Tri- 
beni Ghat would not bo a(iCompanied by some efiect lower dowii 
towards the Ganges. Either the observation of five feet at Tribeni 
Ghat was exaggerated, or the rise that may have occurred lower 
down the Gandak was not noticed owing to its having occurred 
during the nigld. 

N() difTerence in level was noticed in the Tawa Khola below 
Udaipur Garhi. 

At Mulghat (2G^5(V : 87'^20'), on the Tanuir river, a rise of about 
two feet was stated to have occurred, tlic water rmnainiiig at an 
abnormal level for two days. A small nala flowing ijito the Aruu rivt^r 
one mile south of Legua Ghat (27''08' ; 87*^10') flooded strongly 
just after the eartlnjuake. 

Permanent changes in drainage. 

The rivers traversing this area alter their courses at the slightesi 
provocation ; the Kosi river in j)articiilar has shifted its course over 
a wide area frotn time to time during the last centtiry. The aver- 
age level of the streams is little below their banks, and even during 
normal monsoon lains wide areas are flooded annually. In conse- 
quence it requires little displacement to alter the course of a stream. 

After the earthquake it was found that some of the water from tfn' 
Bagmati was finding its way across country, north of Muzaffarpur ; 
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this tendency of the Bagmati river to leave its old course 
has been found to persist in later monsoons, and new areas have 
been flooded. At Madhipura the earthquake had badly damaged 
the level bank along the Kosi river ; the current immediately took 
advantage of this breach and swept away a large section of the 
embankment and it became obvious that during the succeeding 
monsoon the stream would add still further to this lateral erosion. 
The succeeding monsoon in 1934 began with heavy rainfall which 
gave rise to unusually govere floods. This flooding must not be 
attributed to changes in level due to the eart]K|uak(\ although 
the slow manner in which the floods receded from certain area-s 
may have l}een a conso([uen(*e of local suhsideruan Mr. Brett 
(1935, p, 35) reports that about 20 village sites to the Jiorth of 
Muzaflarpur had to be abandoned j)arily because the rais(Ml ground 
on which the villages were built had subsided and ])artly because 
tlie Bagmati had, in places, left its old course. 


Landslides and lakes. 

Ijaiidslides occurred in the mountain areas Jiear Katmandu, 
IJdiupur Oarhi, and in Kasierii Ne))al. 

Kalniandu. The falls around Kat?nandu nsue c(U)lined chiefly 

to highly w(‘atli<Tcd granite-pegmatites, which crop otit on tin* 
south face of the Slieopuri jjckh, IIk' ridge wliicli forms the nor- 
tluTii rim of the valley. No loss of life wus r(s*ordcd from them. 
()tli(‘r minor falls were seen near Bhimphedi, in pliyllitcs and (juart- 
zit(\s. 

Udaipur Garhi, ~Tl\v hill sides in the neiglibourhood of Udai- 
pur (2()^'55' : 8()'^32') were ev(*rywliere scarred with rock falls (sv^ 
Biate 27, fig. 1 ). Tliese were niost noticeable in gneisses and 
schists of tliC Mahabharat range to the north, wluu'e vegetation is 
scanty, but actually such rock falls were as common in the jungle 
covered Siwalik rocks to the- W(*8t, soutli and souflotaist. No 
cas(‘s of death were reported. The falls in tiu* Siwalik sandstones 
near Muksar (26''52' : 86^^23') blocked the local itulla in four places, 
forming lakes. Two of these lakes emptied after several weeks, 
III March 1934, the larger of the remaining lakes was about 000 feet long 
with a probable maximum depth of 25 feet. The lake flowed through a 
small overflow channel across the slip and was rapidly silting up. There 
was no danger to villages lower down from a possible burst during 
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the ensuing monsoon, partly on account of silting and partly due 
to the fact that the water would have spread out to a negligible 
depth in a broad valley half a mile lower down, 

Dharan^ Dhankuta , — A landslide five miles north-west of Dhan- 
kuta (26'^69' : 87^21') caused 30 deaths, and another nine miles 
distant in the same direction caused 13 deaths. The rocks that 
slipped here were gneisses and mica-schists. On the north side of 
the ridge between Dharan and Mulghat, near Dliarapani, a cons- 
picuous landslip, which had breached the patli, is in shattered 
quartzites. It is probable that a large block of quartzite, weigh- 
ing thousands of tons, will eventually topple over. 

-There arc two large areas of landslide near Taple- 
jung (27^21' : 87'^40'). One is about three square miles in extent 
and lies one mile north of the village. It originated in 1927, appar- 
ently as a result of the heavy monsoon of that year. The other 
lies three miles to the E. S. E. of Taplejung and is said to liavc 
started in 1924. The slips due to the earthqualce are quite unim- 
portant. They are seen sporadically all the way from Tapliqung 
to the Nepal-Darjeeliiig frontier, interspersed with older slips. 

No landslides were noticed on the traverse tlirongli the Dar- 
jeeling district from Nepal, The great jnajority of the hill slopes 
of Darjeeling are close to the safety margin, and periodic rock-falls 
and slips are the consequence even in normal yi^irs, particularly 
during and after the monsoon. The rock is disintegrated, closely 
foliated gneiss (Sikkim gneiss), supporting an unconsolidated and 
at times rather spongy soil-cap of considerable tluckncss. Oti well- 
planted or forested slopes tlie soil is lield together tohuably well, 
but deforestation, and excavations for stone or eartli for road- 
making or house-building purposes liave tended to produce a general 
instability of hill slopes at many jjoints. Since tlie ground-rifts 
resulting from the earthquake w^erc shallow and did not penetrate 
to the rock-core in the main ridge of the station, it was improbable 
that, except in the case of three subsidiary spurs (see details of 
damage in Darjeeling, page 260), any fresh danger, or predisposing 
cause, has been introduced for producing landslips on an extra- 
ordinary scale. 

In this connection the Happy Valley landslip area was cxajnined 
in company with Mr. Chambers, the Executive Engineer. This 
slip has caused no anxiety for the last sL\ years or so and the earth- 
quake of January 15th has not given rise to any further trouble 
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ill this notoriously unstable mass of rock and debris. Evidently 
the precautions taken during the last few years have prov('d olfec- 
tivc. This, liowever, is no guarantee of its continued stability, 
and, notwithstanding tlie earthquake, no drainage water should 
he allowed to penetrate the surrounding ground, nor should th(' bottom 
to be undercut. A rigid enforcement of all the former precautions 
is neccvssary- turfing of tlio slope with planting of trees, stoppagi^ 
of all kinds of excavation and — most important of all — wati'r-tight 
lining of tlie jhoras (ravines) draining the immediate neighbour- 
liood of the slipped mass. The toe of the slope at the bed of the 
ravine ne(‘ds full protection from erosion or undermining. As 
ail urgent additional measure of safety the Geological Survey has 
recommended that tlie unlined bed of the ravine, known as the 
(Convent jliora, should be treated in the same manner as tlie Hos- 
]>ital and the Cutcliery jlioras. Also the plot of ground (‘.alli^l 
T(‘inple Flat, on the south-east side of Cutcliery jhora, needs more 
edective draining and dressing of the slope to prevent largo areas 
of this ground from sliding into the ravine. 

Increased flow of water in mines. 

Apparently the sluxik was not noticed underground in ilie. 
numerous collieries in Bengal and Bihar, although it was fidt at iJie 
sindaee. These mines are situated witliin isoscLsmal VI and arr. 
some 200 miles from the epicentral tract, yet it is evident that the 
rocks here did receive severe shaking for a considerable disturb- 
aiKx* of* the underground circulation of water was rt‘ported aft-er 
the earthquake. In general the higher mines, that is those up tlie 
dip, had a decrease in the flow of water below the usual dry weather 
load, whilst the lower mines, that is those down the dip, showed 
a great increase, amounting to 50 to 400 per cent, more than iiie 
normal dry weather load. This increase continued until tlie ensu- 
ing monsoon. In some cases water appeared from old fissiin^i 
which had been dry for years. 

Monghyr thermal springs. 

These well known hot springs, situated at Sitakund six miles 
Ironi Monghyr, issue from alluvium close to an outcrop of quart- 
zite. There has been no noticeable change in the behaviour of 
the springs as a result of the earthquake. 
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Puriiea guns. 

Mention may be made of the broiitides, popularly known as 
' Purnea guns ^ which are similar to the sounds often heard near 
Barisal, Bengal, where they are known as ‘ Baiisal guns \ Mr. D. P. 
Sharma, Officiating Collector of Purnea, in a letter about the 
‘ Purnea guns ’ wrote : — 

‘ The sound is heard almost all the year round (day and night), but more parti- 
cularly during the rains. Several loud reports arc heard in quick succession for 
a fevv' minutes. The sound ceases for some time, but is heard again after an interval 
of half an hour or an hour. Sometimes it is not heard for days or months. 

It has been frequently heard after the earthquake also, but for about a month 
or 80 it is not being heard (G.4.34). The sound resembles that of a booming of a 
big gun at some distance. Sometimes one feels, when the sound is louder and 

nearer, as if an explosion has occurred-... It is heard mostly in Araria 

and Sadar sub-divisions of this district.’ 

Mr. Downing, District Engineer of Purnea, took particular note 
of these sounds and wrote as follows : — 

‘ For about ten days after the earthquake, Purnea guns were abnormally active 
and loud. I and my wdfe would hear them all through the night (when awake of 
course). Since then we have not “ picked them uj) On the 18th to about the 
21st January we used to hear deep rumblings whieli would last for, or continue 

for, several minutes at a time Others have also heard deep rumblings. Wo 

have not heard them since.’ 

Sounds similar to the Purnea guns are heard at Biratnagar 
(wrongly called Oograha on the maps) near the Nepal frontier, north- 
west of Araria. The Hakim of Biratnagar stated that the sounds 
have decreased in frequency since the earthquake. 



CHAPTER IV. 


SEISMOMETRIC STUDY. 

(S. C. Roy, D.Sc., Director^ Burma Meteorological Department.) 

Introduction. 

All account is given in this chapter of a seisinometric study of 
tJic disastrous earthqualvc of Bihar and Nepal on January 15(h, 
1934, and of one of its aftershocks on January I9ih, luised nuiiiily 
1)11 tlie rec'ords of the Indian stations, namely, Alipore, Agra, Delira 
Dun, Cohiba, Oorgauni, Kodaikanal and Colonilfo. The observa- 
tions at these stations apiiear to locate the epicentre of the main 
shock of January I5th near 20^ 18' N. and 8(^' 18' E. with 

the time of origin of the first preliminary tremors at 8 li. 43 m. 
21 s. G. M. T. This location is in general accord with the isoseismal 
map of the earthquake obtained by ollicers of the Geologii’al Survey 
of India and pnblislied in Bccords of the (Geological G'urvcjf of India ^ 
Vol. LXVJIJ, Part 2. Plate 20. (193-1). T1 h‘ (‘pieirntral tract enclosed 
by Isoseist X in tlieir map is an elongrded area about 30 Kins, wide 
and 130 Kms. long running cast and w(\st (he major axis of the 
oblong passing rougbly through Ritamarhi on the wevst and Madhu- 
bani on the east and the central region of (he tract lying near 

20'' 30' N. and 85^^ 40' E. 'J'lie selsnionietri(* centre found in the pnisent 
study falls near the eastern edge of the t ract, near ]\ladhubani. A 
prelimin’ary examination of the seismograms of extra-Indian stations 
with ejjjcenlral distances up to about (3,000 Kms. sliows that obser- 
vations within this range are mJ; in disagreement with the location 
of the epicentre near 20'^ 18' N. aial 80'^ 18' E. 

The Indian seismogiains used in the present stiuly are repro- 

duced in Plates 6-15. The records of the main shock of January 
15tl] arc incomplete and unsatisfactory in many resj)ecfs for a 
detailed study. TJie MilnC'-Sliaw instruments, for wliich tJic inten-* 

ftity of the light-point on the photographic paper is normally 

ad j listed ^so as to be suitable for recording small earth motion, iailed 
on this oceasion to register at Alijiorc only a few seconds after the 
incidence of the first preliminary tremors (Plate 6, fig. 1) and at 
Colaba (Plate G, fig. 2), Kodaikanal (Plato G, lig. 3) and Uolombo 
shortly after the arrival of the secondary wave. The movements 
were, however, so great that even the OnK)ri-Ewing type of instruments 

( 40 ) 
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(Plates 7-12), in spite of their low magnifications, could not 
record the earthquake completely at any of the Indian stations 
except at Oorgaum (Plate 13), The. immensity of the earth motion 
can be judged from the fact that the string-stops used in these instru- 
ments to prevent the writing pen from going off the recorder, broke 
down at such a distant station as Colaba in the case of the N — S 
component. In spite of the limitations, the Indian records are not 
without value and interest and an attempt has been made to correl- 
ate them as well as possible. Most of these records were too faint 
for reproduction. The originals were, therefore, magnified photo- 
graphically and the traces inked as faithfully as practicable. The 
inked copies were then reduced in size suitable for reproduction. 
Inaccuracies and distortions inherent in such tracing and photo- 
graphic processes are probably present in the reproductions, but 
it may be mentioned that features of interest in the originals have 
been carefully compared with the reproductions. 

Interpretation of Seismograms. 

In order to make clear the meanings of the symbols used in the 
reproductions, the seismic pliases important in the study of near 
earthquakes are briefly recounted here. Harold eJeffreys (The 
Earth, pp, 95-208) has shown that the primary and the secondary 
waves of shocks with shallow focal origin can travel to a near station 
along three distinct paths. The normal waves P and S travel to 
the observing station through the ultrabasic layer of the earth’s 

crust, while a second pair P and S travel directly through the granitic 

* 

layer. In addition to these two pairs there is a third pair P and 
* 

8 which reach the observing station through the intermediate 
basaltic layer. Jeffreys’ diagram showing the probable paths of 
these pulses through the different layers of the earth’s crust is repro- 
duced below for ready reference (fig. 2). 



Fra. 2.— Probable paths of primary and secondary waves through crustal layers of the 

earth. (After Jeffreys). 
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An attempt has been made to identify these pulses, wherever 
possible, in the Indian records of the main shook of January 15th 
and its aftershock of January 19th. The presence of these pulses 
on the Alipore and Agra seismograms of the aftershock of January 
19th (Plate 14, figs. 1 and 2) is unmistakable. Their identifications 
on the seismograms of the main shock are, however, difficult in 
consequence not only of the incomplete and unsatisfactory character 
of the records but also of their complicated nature. The complica- 
tions begin from the very beginning, there being two distinct stages 
of P-incidence. These stages are marked on the seismograms as 
1 and 2 and are referred to in the text as and P„. The first 
stage P„ commences with small emergent movements. The second 
stage P,j which occurs about 11 secs, after P„ generally begins with 
a sharp impetus, the movements thereafter being very large com- 
pared to Pn,. An intermediate stage is also noticeable on some 
records about 4 to 6 secs, after Pn,; but the emergence of that 
stage is so gradual that it would be unnecessarily complicating the 
present discussion to treat it as a stage distinct from P,n. The 

incidence of P^ occurs on the Alipore records at the expected time 

* 

of arrival of P„, and on the Colaba records near the time of arrival 
of the reflected primary wave. The stages and P„ are, however, 
not confined only to the records of Alipore and Colaba but appear 
on almost all the available Indian and extra-Indian seismograms — 
the interval (?«— I’m) being 11 s. fi:2 a. Portions of the seismo- 
grams of Kobe are reproduced in Plate 16 to illustrate the presence 
of these stages on fairly distant records. The approximate cons- 
tancy of the interval (Pu-P,„) at near and di.stant stations suggests 
that the major crash leading to the disastrous earthquake was pre- 
ceded by a minor fracture by about 11 secs. If this inference is correct, 
one would expect the features of the P-incidence to be repeated 
at the incidence of the other phases. In an earthquake, no dis- 
turbance, however, starts from rest except the first ; each pulse 
instead of coming to an end and allowing the seismograph to come 
to rest is followed by another train of waves. The re.sidual move- 
ments left by the previous pulses present difficulties in timing 
accurately the arrival of a new pulse on the records but it is gener- 
ally possible to recognise the two stages at the incidence of each 
pulse—the initial oscillations (stage 1) being remarkably small com- 
pared with the final ones (stage 2). Of the Indian seismographs, 
it is only the Milne-Shaw instruments of Colaba and Kodaikanal 
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and the Omori-Ewing instruments of Agra and Oorgaum which 
registered true earth movements. The minor and’ the major stages 
nf P are fairly clear on the Agra record (Plate 9) and of P and S on 
the Oorgaum records (Plate 13). The time-scales of the Milne-Shaw 
seismograms of Colaba and Kodaikanal are too small for a detailed 
scrutiny but the emergence of S-phase with comparatively small 
initial movements is also observable on these records. With the 
incidence of P^, the Omori-Ewing type of instruments at Alipore, 
Dehra Dun and Colaba started making movements with the free 
period of their pendulums, rendering correct timing of phases on 
their records (Plates 7, 8, 10, 11 and 12) difficult. Occasional super- 
positions of true earth-movements which are noticeable on these 
records have been taken as a guide in timing the arrivals of phases 
— the initial stage of a new phase being assumed to occur generally 
at the end of such marked superpositions. An element of uncer- 
tainty exists in the identifications of phases on the records of Dehra 
Dun and Alipore for January 15th, but these i lontilicatffins are generally 
supported by the Alipore and Agra r(?cords of the aftershock. 


Table 5. 


Readings of seismogmins, January 15th, 1934. 
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08 44 21 

4° 12' 
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8m 

45 07 
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•*„, ? 
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Station. 


2. Agra 


Dehra Dun . 


4. Colaba (Donibay) 


5. Oorgaum , 


TabijE 5 — contd. 
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N 

Pm 
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N 
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N 

Pm 
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N 

P... 

08 45 1‘) 
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N 

l°M 

45 28 





* 





N 

i’m 

45 35 




N 

Pm 

40 12 




N 


46 50 





# 





N 

«... 

47 24 




N 


47 53 



18° 54' N 

N, E 

p... 

08 40 46 

14” 28' 

1607 

72” 40' J'l 


Pm 

40 56 

1 



N,E 

Pm 

48 22 

1 

1 



N, K 

«.n 

40 24 



12° r.G' N 

N 

P... 

08 46 50 

15” 21' 

1705 

78° 15' E 

N, E, Z 1 

Pm 

47 10 




N 

Pfll 

47 52. 




N, E, Z 

Pm 

48 41 




E, Z 

^lU 

40 48 
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Table 5 — contd. 


Station, 

Latitude 

and 

Longitude. 

I 

Compt. 

Phase. 

Time 

Epicentbal 

DISTANCE. 

(G. M. T.) 

Legroes. 

Kilo- 

metres. 


1 



H. M. S. 



6. Kodaikanal 

10° W N 

E 

Pm 

08 47 36 

18° 07' 

2013 


77® 28' E 

E 

Pm 

47 47 





E 

SlH 

50 65 



7. Colombo 

6® 54' N 

E 

Pin 

08 48 02 

o 

o 

2261 


79® 62' E 

E 

Pm 

48 13 





E 


51 46 



8. Medan 

3° 35' N 

N 

Pm 

08 48 51 

25° 38' 

2848 


98° 41' E 

N,E 

Pm 

49 02 

1 





N,E 

*^m 

53 28 



9. Hongkong . 

22° 18' N 

N 

Pm 

08 48 45 

25® 40' 

2851 


114° 11' E 

N 

Pm 

48 56 





i N 

^m 

53 20 



10. Nanking 

32® 03' N 

Z 

Pm 

08 49 14 

28° 49' 

3201 


118® 47' E 

z 

Pm 

49 23 





E, Z 


64 18 



11. Zi-Ka*Wci . 

31° 20' N 

Z 

Pm 

08 49 36 

31° 03' 

i 3450 


121® 26' E 






12. Manila 

14° 36' N 

N, E, Z 

Pm 

08 60 08 

34° 24' 

3822 


120® 69' E 

N, E 

Pm 

60 21 





N,E 

Sni 

51 42 
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Table 6 — cotM. 



Latitude 

Compt. 

Phase. 

Time 

Epicbutral 

DISTANCE, 

Station. 

and 

Longitude. 

(G. M. T.) 

Degrees. 

Kilo- 

metres. 





H.M, S. 



13. ]?aiavia 

6“ 11' S 

E 

Tn, 

! 08 50 30 

38" 06' 

4233 


106" 60' E 

N, E, Z 

Pm 

50 48 





N, 3.^ 

♦^lU 

6G 40 ' 



14. Kobe 

34" 4 1' N 

E, N, Z 

r,n 

08 51 13 

42° 32' 

4725 


13.6" 11' J3 

K, Z 

Pm 

51 26 





N, Z 


57 40 



15. Kfiivra 

33" 40' N 

N 

Pm 

08 51 29 

43” 52' 

4873 


35° 52' E 

N 

Pb 

51 38 





N 


58 04 



10, Tokyo 

35" 41' N 

N, E, Z 

l’n> 

08 51 46 

46" 12' 

5132 


139" 45' E 

E,Z 

Pm 

51 58 





E, Z 

Sm 

58 32 



17. Helwan 

29° 51' N 

E 

Pm 

08 51 58 

48” 10' 

5351 


31" 20' E 

E 

Pm 

52 08 





E 

^m 

59 02 



18. Aniboina 

3° 42' S 

E 

Pm 

08 52 17 

50” 23' 

5598 


128° 10' E 

N, E 

Pm 

52 28 





N, E 

^Ul 

50 31 



19. Sofia . 

42" 40" N 

E 

Pm 

08 52 40 

53" 08' 

5903 


23" 20' E 

K 

Pm 

52 40 





E 

Sm 

09 00 08 

i 
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Origin time of the earthquake of January 15th. 

Readings of the seismograms used in the present study are given 
in Table 5, The times of arrival of P,„ given originally by the Indian 
stations were : — 


Station. 



Original time of arrival of 

Alipore 



. 8 h. 44 m. 18 s. G. M. T. 

Agra 



. 8h. trim. Us. 


Dehra Dim 



, 8 li. 45 in. 14 a. 


Colaba , 



. 8 li. 40 in. 48 s. 


Oorganm 



8 h. 47 m. 04 s. 

>> 

Kixlaikanal 


• 

. 8 h. 47 m. m 8. 



The observatories at Aliporc, A^^ra, Oolaba and Kodaikanal make 
daily cleterminatioris of the errors of tlicir reference clocks by coin- 
parison with wireless time-signals from llordeaux, Nation or Rugby, 
and such determinations are also checked occasionally against star 
observations. There is, therefore, no reason to doubt the accuracy 
of the time kept at these stations. Delira Dun also makes regular 
star-observations and the time of that station is equally reliable. 
Accurate time-keeping does not, however, by itself ensure accurate 
timing of pliases on the seismograms. There are various factors 
which can give rise to appreciable differences in readings on seismo- 
grams by different observers- -particularly vlieu the time-scales 
are small. A scrutiny of the Dehra Dun record indicates that the 
original reading is about 5 secs, less than it should lie. The reading 
originally taken appears to have been based on the assumption 
that the time-interval between the tracing-pen and the time-marking 
pen was constant. This assumption would only hold if the recording 
drum rotated at a uniform speed. Actually the minute-intervals 
on the Dehra Dun record are far from uniform. With variable 
speed of the drum it is probably more correct to assume that tlie 
distance lietween the tracing-pen and the time-marking pen is 
constant rather than the time-interval. With tliis assumption, the 
reading obtained for the arrival-time of on the Dehra Dun recortl 
is 8 h. 45 m. 19 s. G. M, T. 

arrived on the Milne-Shaw records of Colaba near a minute- 
break and the original reading of its arrival at 8 h. 46 m. 48 s. G. M. 
T. was taken in the middle of the break. Subsequent examination 
of the Colalja records showed that the incidence of P,„ should be 
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taken 2 secs, earlier near the beginning of the minute-break. The 
accepted time of arrival of P,,, at Colaba is, therefore, 8 h. 46 m. 
46 s. G. M. T. 

Observable movements begin on tlie Oorgaum records at 8 h. 
46 m. 59 s. on the N — S coxnponent, 8 h. 47 m. 02 s. on the 
component and 8 h. 47 m. 04 s. on the Z component. The clock- 
correction of Oorgaum is not known. The arrival time of at 
Oorgaum has been taken as 8 h. 46 m. 59 s. on the assumption 
that the clock-correction there was zero and that the earlier small 
movements were not recorded by the E~-W and Z (‘omponents* 

Agra’s reading of the time of arrival of on the Oiuoii-Rwing 
seismogram was 8 h. 46 m. 1 1 s. G. M. T. and on the Milne-Shaw 
seismogram 8 h. 46 m. 10 s. G. JVl. T. It has not l)een possil)Ie to 
scrutinise the Agra records fully for want of complete data for veri- 
fication of time. It is, however, found necessary to assume a time 
correction of --3 s. at Agra and -f 3 s. at Aliporc to bring their 
observations in better accord with the observations of th<‘ other 
Indian stations. The adopted times of arrival of P,^ at different 
Indian stations are thus 


Station, 




Adopted time of arrival 

Adopted 





of 1>,,. 

Original. 

Aliporc 


, 


8 h. 44 m. 21 s. 0. M. T. 

+ 3 H. 

Agra , 




8 h. 45 ni, 07 s. 

3 s. 

Dchra Dun 




8 h. 45 m. 19 s. 

•1* 5 t}. 

Colaba 




8 h. 40 m. 40 h, ,, 

2 H. 

Oorgaum 




8 li. 40 m. 59 s. ,, 

• • r> H. 

Kodaikanal 




S h. 47 ni. 30 s. 

0 H. 


The differences under column 3 above have been cx])laiued except 
in the case of Alipore and Agra wliosc time-data could not be scruti- 
nised. In any case these dillenuiccs may be regarded as residual 
errors of observation which are not uncommon ifi seismology. 

Headings of the incidence of the first stage of the secondary 
waves have been taken at the points marked S, on the Indian 
seismograms. The readings arc : — 


Station. 





'lime of arrival (4 8^. 

Alipore 





, 8 b. 45 m. 02 h. (;. M. T. 

Agra 





. 8 li. 40 m. 35 s. ,, 

Dehra Dun 




. 

, 8 h. 40 in. 57 a. „ 

Bombay . 


. 



. 8 b. 49 in. 27 n. ,, 

Oorgaum 



* 


. 8 h. 49 m. 47 a. „ 

V 
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To obtain tie otigm-tiine of P„ its arrival times at the Indian 
stations have been plotted against it§ duration (fig. 3). The plots 
of are found to lie practically on a straight line 

which, when extrapolated, gives the time of origin of P^, as 8 h. 
43 m. 21 s. G. M. T. 


CAL 

6 


AGR 

I"* 

46® 

DEH 

r 

58® 

80M 

S'" 

25® 

OCR 


37® 

KOD 


15® 


1 8" 43"’ t 44 


44"’ 45"’ 46"’ 47"’ 

Op: 8’’ 43™ 21° G.M.T. 

Arrival Time of First Pietiwinary Treiiior.y P 
Fio. 3. Pm“(Sni-'Pin) graph, January 16th, 1934. 


The origin-time of P„ could not be estimated by using the 
same method owdng to uncertainty in the identifications of S„ on 
the Indian records. An estimate of the time can, however, be made 
in an indirect way. It is po.s8ible to read fairly accurately the 
interval (Pm — I’m) records of a number of Indian and extra- 

Indian stations. The readings of the interval for those stations 
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whose records are fairly clear aad definite regarding the two stages 
are given below : — 


Station. 

Alipore . 




interval. 

12 9. 

Agra 




10 B. 

Dehra Dun 




9 s. 

Oorgaum • 




11 s. 

Kodaikanal 




11 s. 

Manila 




13 B. 

Kobe 




13 8. 

Tokyo 




12 B. 

Ksara 




9 8. 

Helwan . 




10 ft. 

Sofia . , 


• 


0 9. 

Stuttgart 


. • 


11 9. 


From the above readings, the interval (P„-P„i) is 11 s. d: «• 
The origin time of l*„ may. therefore, he taken as 8 h. 43 m. 32 a. 

G. M. T. 


Seisinometric epicentre of the earthquake of January tSth, 

(934. 

Taking Ox>,„ time as 8h. '13ra, 218, the (P,„’"Gj'i„) inteivals 
for the ludiaji stations are ; — 


station. 

Aliporti 

• 




, . I m. 0 g. 

Agra 


« 

• 

• 

, . i m. 10 g. 

Dehra Dun 

• 

• 

• 

• 

. * 1 ra, 58 

Colaba 


• 

• 

• 

, , 3 rn, 25 

Oorgaum 

• 

• 

• 

• 

, , 3 m. 38 8. 

Kodaikanal 

• 


• 


, . 4 m. 16 g. 
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The method used for the location of the epicentre was to find 
out by trial a place so situated that the foregoing observations lie on 
a smooth time — distance curve practically straight for epicentral 
distances between 4° and 15°. The formula used in the trial for the 
calculation of epicentral distance was the usual formula of Professor 
H. H. Turner : — 


(2 sin A/2)2={a— A)*4-(b— B)*4-(c— 


where a, b, c ai'o the constants for the scistiiological stations and 
A, B, (J are the constants for the epicentre determined by their 
latitudes and longitiuh^s. The values of a, 1^ c for the Indian stations 
are given below for ready reference. 


Aliporc; 
Aj^ra . 
Dehra Dun 
(Jolaba 
Oorgaum 
Kodaikanal 


a 

b 

c 

-P •02(>9 

+ *9234 

+ *3832 

+ -1854 

+ *8710 

+ .4560 

+ *1787 

+ *8445 

4 *5048 

4- *271)5 

d- ‘DO.'rj 

+ *3239 

+ *1985 

4 *9543 

4- -2239 

+ *2138 

+ *9()05 

4 -1777 


The Indian seisinological data are found to fit in best if 
the epicentre of the minor stage of the earthquake is placed near 
26'' 18' N. and 86'' 18' 10., the corresponding values of A, B, C 
being A- 1 *0578 B-- + -8945 and C-= + -4431. 

The distances of stations from 26'' 18' N. and 86" IS' E. 
computed by using Professor Turner’s formula, are given in Table 
5. The time — distance curves for and up to 6 000 Krns. are 
sliown in fig. 4 The general smoothness of the curves with observa- 
tions on the east, west and south seems to indicate that the placing 
of the seismometric epicentre of the minor stage of the earth(juaks 
near 26^ 18' N. and 86" 18' E. could not be greatly in error. 



EPC. 26 





62 


BIHAR-NBPAL EARTHQUAKE OP 1934. 


An estimate of the seat of the major-stage can also be made 
by the use of the trial method. Taking the origin -time to be 8 h. 
43 m. 32 s, G. M. T., the (Pjj — O p^) intervals for the Indian 
stations are : — 


Station. 

Alipore 






. 1 m. Is. 

Agra 




• 


. 1 ra. 45 8. 

Dehra Dun 

. 





. 1 m. 56 s. 

Colaba 





• 

. 3 m. 44 s. 

Oorgaum 

• 



• 

• 

. 3 m. 38 8. 

Kodaikanal 






. 4 m. 15 8. 


These data are found to agree with tlie location of the major 
stage of the earthquake near 2(i‘’ 2J' N. and 8(5’ 12', hh, the 
epicentral distances of tlie Indiaii stations being : — 


Station. 





A(Degrec‘.s). 

Kms. 

Alipore 


* 

. 


40 17' 

476 

Agra 


• 

• 

• 

7° 23' 

820 

Dehra Duu 


• 


• 

8° 11' 

909 

Colaba 


. 


. 

J4^ 25' 

1,603 

Oorgaum 


• 

• 

• 

15” 21' 

1,705 

Kodaikanal 


• 



GC 

0 

2,015 


This location of the seat of the major stage is also in accord with 
tliQ observed (Pji — P, b) interval at the extra-Indian stations. TJic 
value of the interval is 11 s. 2 s., the highest value of 13 s. being 
observed at Manila and Kobe, and the lowest value of 9 s. at Dehra 
Dun, Ksara and Sofia. Observations of (Pj, — P,„) have been made 
with care and the uncertainties in theii’ measurements should not 
be more than ± I s. It is, therefore, of interest to note the general 
tendency of the interval to have slightly higher values at stations 
to the east and south-east and comparatively lower values at stations 
to the west and north-west of the epicentre of the minor stage. If 
this tendency is genuine, the seat of the major stage must have 
been 10 to 16 kms. to the north-west of the minor stage. 
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SeisiiKwnetric epicentre of January I5fli in relation to field 

observation. 

As poiafced out in the Introduction, the epicentral tract enclosed 
bv fsoseist X covers a vast elongated area about 30 Kins, wide aud 
130 Kms. long with its central region near 26° 30' N. and 

85° 48' E., between Madhubani and Sitamarhi, The seisinomctric 
centres of both the minor and the major stages, instead of lying 
more centrally on the epicentral tract, fall on its eastern edge near 
Madhubani. Any appreciable shifting of the epicentres toward.s 
the central region of the tract gives systematically high speeds of 
seismic waves to stations to the east and systematically low speeds 
to stations to the west. Accepting, therefore, the seisraometric 
evidence for an initial minor failure near 26° 18' N. and 

86° 18' E. leading tlirough an intermediate stage to the major crash 
neat 26° 21' N. and 86° 12' E. after about 11 secs., it i.s 

natural to enquire if other crashes could not have subsequently 
occurred in the same fault-surface or in the neiglibouring faults 

will) tin; transference of tlie elastic stresses no lougor sup[)orted 
at the seeiio of the major crash. Such an occurrence appears very 
probable but the tiausfer of elastic sti'e.ss from point to point is not 
simultaneous but requires time, depending on the elasticity aud 
density of the rock. It is not, therefore, possible for strcs.'^es and 
hence fractures to extend at a rate greater than that of the fastest 
elastic waves which are of the compressional type, it follows that 
when sefveral crashes occur at different parts of a fault or in the 
neighbouring laults, the seismh; waves that will arrive first at a 
station not very close to the epicentre will be those radiating from 
the earliest crash, even if die station be nearer the origin of the later 
crashes. This point has been discussed at length by Professor 
A. C. Lawson and others (1908) in their report on the California 
Earthquake of April 18th, 1906. It is thus cleat that, if tiie later 
crashes were comparatively ie.ss severe, the waves originating from 
them would be masked iiy those from the major crash and would 
not be easily distinguishable on the seismograms. It is of interest, 
however, to note that both the field observations and the scismo- 
inctric observations agree in showing that after the major crasii miar 
Madhubani, the transfer of the unsupported sfresses ocimrred more 
to the W, N. W, towards Sitamarhi rather than to tho E. S. 111., 
towards Purnea. 
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In addition to the main epicentral tract between Madhubani 
and Sitamarhi there are two small areas on the isoseismal map 
(Plate 1) of the earthquake of January 15th — one around Monghyr 
and the other in the Nepal valley to the south-east of Katmandu — 
where the intensity reached the degree of X. It is well known that 
the action of an earthquake depends largely on the geological 
character of the ground and the nature of the structures on it. High 
‘ apparent intensity ’ judged from the damage and dislocation on 
the surface may not, therefore, always coincide with high ‘ intrinsic 
intensity ’. This fact was fully demonstrated by the critical investi- 
gations of Professor A. C. Lawson and others (1908), on the areal 
distribution of damage done by the California Earthquake of April 
18th, 1906. The apparent high intensity in the Nepal Valley and 
the Monghyr area may be due only to the nature of the geologic 
materials there. The seismometric evidence is clearly against the 
origin of any independent shocks in those areas before or simultane- 
ously with the origin of the major crash, but does not preclude the 
possibility of comparatively less severe ruptures occurring there 
subsequently^. 


Aftershock of January I9tb. 

A number of aftershocks have been registered by the seismo- 
graphs at Alipore and Agra but with the exception of the one of 
January 19th none of them were strong enough to be recorded fully 
from the beginning of the normal P-wave. The records begin 

♦ — 

in some cases with the incidence of P or P and in most cases with 
the incidence of 8 or even S. A thorough scrutiny of the records 
is, therefore, necessary if they are used for the estimation of the 
origin of the aftershocks. It has not been possible for the writer 
to undertake such a scrutiny. The aftershock of January 19th 
was sufficiently strong to be recorded fully also by the Milne-Shaw' 
instruments at Colaba. With complete records at three stations, 
the origin of this aftershock can be estimated with a fair degree of 
confidence. The readings of the seismograms (Plate 14) of Alipore, 
Agra and Colaba for January 19th are given in Table 6. 


^ Geological Purvey . — This conclusion agrees with that independently arrived at as 
a result of our field examination {see pp. 80, 81 and 149). 
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Table 6. 


Readings of seismograms, January Wth, 1934. 



Conipt. Phase. 


Time 
(G. M. T.) 


EnCKMTRAL 

DI8TAWC1. 




These data place the epicentre of the aftershock of Jnmnjry 
19th approximately near 26° 24' N. and 86° 18' E., giving the 
following epicentral distances: — 


Station. ADegreee. Kms. 

Alipore ... 4® 17' 476 

Agra . . . 7^^ 29' 832 

Bombay ... 14^ 30' 1,611 
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The place of origin of the aftershock of January 19th was, there- 
fore, very close to the seismometric epicentre of the main earth- 
quake of January 16th. 

The Op time of the aftershock obtained graphically by plotting 
arrival times of P against (S — P) intervals (fig. 6) is 18 h. 49 m. 
60 s. G. M. T. The (P — Op) intervals are : — 


Station. 



P-Op 

Alipore 

1 * 

* 

1 m. i 6. 

Agra 

» • 

* 

1 m. 47 B. 

Bombay 

1 • 

. 

3 m. 26 8. 



Fia. 6. S — (S — ^P) graph, January 19th. 


AUhough it is not possible to estimate the exact origin of the 
other aftershocks without a fuller scrutiny of the seismograms of 
Alipore and Agra, a comparison of the records of these stations 
enables one to sort out the aftershocks of the Bihar earthquake of 
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January 15th. A list is given below of those aftershocks which 
were registered by instruTnents both at Alipore and Agra. 

Date. Number of 

Aftershoclrs. 


January 15th . . . 18 

January IBtli ... (3 

January 17th ... 3 

January 18th ... 1 

January 19th ... 1 

February 4th ... 1 

Fobniary 8th ... 1 

February 17th ... 1 

April 8th ... 1 

April 13th ... 1 


After April, no aftershock appears to have been sufficiently 
strong to be registered both at Alipore and Agra. The list given 
here is a selective one, but it indicates clearly that the frequency 
of aftershocks registerable by instruments at a distance of 450 — 850 
kilometres declined very rapidly. This rapid decline appears to 
suggest that nearly complete relief was provided by the main shock 
of January 15th. 


Velocities of travel of compressional and distortional waves 
through three layers of the earth’s crust. 

Ht 

Taking Op time as the zero time, the transit times of P, P, 

* — 

P, S, S and S to Alipore, Agra, Dehra Dun, Colaba and Oorgaiim 
are computed in Table 7. 

Table 7. 

Transit times of P, P, P, S kS, and S. 


Station. 

Dato. 

Kms. 

P-Op 

P-Op 

P-O p 

S-Op 

♦ 

H-Op 

W-Op 

1. Alipore 

Jan. 1C 

407 

60s. 

718, 

84s. 

1068. 

120s. 

132m. 

Alipore 

Jan. 19 

476 

61s. 

74s, 

863. 

10‘Js. 

1238. 

1378. 

2. Agra 

Jan. 15 

830 

106s. 

, . 

1548. 

1888. 


. . 

Agra 

Jan. 19 

830 

107s. 

1308. 

164b. 

1808. 

2178. 

2448. 

3. Dehra Dun 

Jan. 15 

922 

118s. 

1448. 

17Js. 

2008. 

2438. 

2728. 

4. (yolaba 

Jan. 15 

1607 

205s. 

• « 

3018. 

3638. 


. , 

(Jolaba 


1611 




36.58. 

4238. 

5708.g 

T). Oorgaum . 

Jan. 16 

1705 

2188. 

2718. 

3208. 

3878. 

• * 

• • 


Owing to insufficiency of observations, the available data of 
January 16th have been combined with those of January 19th to 
obtain average time-distance curves for the six pulses (fig. 6). For 
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TIME-DISTANCE CURVES FOR P.P, 


Ip*sJ 


OEIAYIN STARTING OF P.S.^.P 
AND S WITH RESPECT TO S. 

= 9*0 Secs. 

s=s 6’5 Secs. 

= 5*0 Secs. 

== 3*5 Secs. 

2*0 Secs. 

ZERO OF TIME IS Op~TlME. 


EPI CENTRAL DISTANCE. 


Via. 9 -Ayenute time-distance graphs of P. P, pT S. 8 and S for the Bihar Earthquake 
rm. 0.-.ATerage afterdiook of January Ittth, 
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all practical purposes, the curves are straight lines. A slight 
('urvature-effect of the earth appears to be .observable at the dis- 
tances of Colai)a and Oorgaum (14°— 15°) and hence a greater weight 
lias been given to observations at nearer stations in drawing the 
lines. 

The extrapolation of the time-distance cmves shows that S is 
the first wave to start from the origin, the other pulses apparently 
starting later. The apparent delays in starting of the various pulses 

willi respect to S are : — 

Tliis interesting feature of the graphs will be discussed later. Below 

are given the average velocities of travel (a, a, “) of the three corapres- 

sional waves (P, P, P) and those ((5, p, P) of the three distortional 
♦ — 

waves (S, S, S) calculateil from the time-distance curves of the Bihar 
earthquake : — 

Velocities of C'omprcssional waves Velocity of Distortional waves in the 
in the Gangetic valley. Gangetic valley. 


ff-7-80 Kni/sec. (P). 
a=-6-21 Km/sec. (P). 


p; -4-38 Kni/sec. (S). 
P---.3-71 Km/sec. (S). 


_ - 5-2() Km/sec. ( P). a= 3-29 Km/sec. (S). 

It is of interest to compari; these values with those found by 
Jeffreys (The Earth) for the continent of Europe. They are ; — 

Velocities of Coinpressional waves Velocities of Distortional waves in 

in Europe. Europe. 

a=7'8 Km/sec. p=4-35 Km/scc. 

a-=C-2 to 6-3 Km/sec. P=3-7 Km/sec. 


5 ~ 6-4 to 6-G Km/scc. P=3'3 Km/sec. 

Except for a, the speeds of waves for the Gangetic valley and the 
continent of Europe are in close agreement. The speed of the com- 
pressional wave through the uppermost layer is definitely less in 
the Gangetic valley. In spite of some uncertainties in the timing 
of pliases on the seismograms, the writer is satisfied as regards the 
reality of the tendency for lower values of a in the ease of the Bihar 



70 


BIHAR-NEPAL EARTHQUAKE OP 1934 . 


earthquake. There is, however, no corresponding reduction in the 
speed p of the distortional wave. These facts appear to 8U])port 
the theory that the fiindamental shear-wave S follows a direct path 
through the granitic layer from the focus to the observing station 
whereas the compressional wave P, which is derived from S by reflec- 
tion at the base of the sedimentary layer, follows a path near the 
top of the granitic layer, the lowering of the speed of P being ex- 
plained by the occasional presence of the Gangetic alluvium in 
its path. 

Depth of Focus of the Bihar Earthquake. 

It should be made clear at the very outset tliat the words ‘ focus ’ 
and ^ focal depth ’ are used here in a restricted sense and that they 
refer to the point or rather the limited area where the initial minor 
failure leading to the disastrous earthquake of January 15tli 
occurred. The enormous extent of the epicentral tract and the 
existence of secondary areas of high intensity together with the 
complicated nature of the seismograms of January 15th led the 
writer to examine the records of extra-Indian stations with a view 
to finding out if phases characteristic of deep-focus earthquakes 
are present in them. The attempt has proved unsuccessful and 
the writer is of opinion that no deep-focus interpretation of the 
records is possible. S. K. Banerji (1925, pp. 65-80) has shown that 
the energy of Rayleigh waves decreases rapidly as the depth of focus 
increases. The development of L-waves on the records of the Bibar 
earthquake (shown clearly by the seismograms of Oorgaum, Plate 
13) constitutes, therefore, further proof against any deep-focus 
interpretation. On the other hand, the phases identified on the 
Indian records, if correct, show definitely that the main earthquake 
of January 15th and its aftershock of January 19th had their 
origin in the uppermost layer of the earth’s crust. 

The correct estimation of the focal depth of an earthquake is 
the most difficult problem in seismology. Several methods have 
be,(‘n used for tlie purpose, but all entail uncertainties duo to lack of 
sufficient and accurate data. An estimate of the focal depth of 
the Biliar earthquake can be made by using Jeffrey’s method based 
on the apparent delay in start of P with respect to S. Jeffreys 
has shown that this delay is related to the focal depth, d, as follows : 
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where t^p^S) apparent delay in start of P with respect 

to S. 

For the Bihar earthquake of January 15th and its aftershock 
of January 19th, _ 

fi=3*29 Km/sec. 
a~5*26 Km/sec. 
and t - - =3-5 secs. 

These values place the origin of the Bihar shocks at a depth 
of 14*8 kilometres. 


Thickness of the granitic and the basaltic layers in Bihar. 

Jeffreys has shown also that the thickness of the uppermost 
granitic layer Hg can be estimated from the apparent delay in start 

♦ — 

of P with respect to P by using the following formula : — 


2 - d + 


(-l)‘ 


t * - 

(Fr^P) 


For the Bihar shocks — 

(l==14-8 Kms. 
a =5*26 Km/sec. 
a=:6-21 Km/sec. 


(Vr^P) 


-hr) secs. 


With these values, the thickness of the granitic layer in Bihar 
comes out at 14*8 Kms. No undue importance ikhhI be attached 
to the exact coincidence of the figures for the focal de})th and the 
tliickness of the uppermost layer but the seismometric evidence 
may be taken to point to the conclusion that the |)rimary cause 
of tlie disastrous Bihar earthquake of January 15tli lay near the 
niterface of the granitic and the basaltic layers. 

An estimate of the tliickness of the intermediate basaltic 

layer can also be made from the apparent delay in start of P with 

respect to P by using the relation : — 


2 Hg d + 




I (p^p) 


Q 
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For the Bihar shocks — 

d=14-8 Kms. 
a=6*21 Km/sec. 

«=7'80 Km/sec. 

From these values, the thickness of the basaltic layer in Bihar 
is found to be equal to 254 Kms. 


Constitution of crustal layers in Bihar. 

The bulk-moduli, k, computed from the velocities of travel of 
the compressional and the distortional waves in the Gangetic valley 
are : — 



aX 

C. G. S. 

pxio~® 

C. G. S. 

k 

— X = (a*-| p*)x lO-^o 




C. G. S. 

Upper layer 

6-26 

3-29 

130 

Intermediate layer 

6-21 

3-71 

20-2 

Lower layer 

7*80 

4-38 

36-3 

The values obtained by Jeffreys for 

the continent of Europe 


a X 

pxio-*^ 

— X 10-10 m G. S.). 

P 

Upper layer 

(*54 
• l5'6 

3-3 

3-3 

14-7 

16'9 

Intermediate layer 

G-3 

3-7 

21*4 

Lower layer 

7-8 

4*35 

35-6 


The computed values of the bulk-moduli for tlie intermediate 
and the ultrabasic layers of the Gangetic valley are very close to 
those for tlie continent of Europe. The bulk-modulus obtained 
for the upper layer of the Gangetic valley is, however, compara- 
tively low and is due to the low' vahic of the velocity of travel of 
the compressional wave through that layer in Bihar. 

Jeffreys (The Plarth, p. 102) has given a table of the bulk-moduli 
of rocks determined (experin)eiitally in the Geophysical Laboratory 
at Washington. An extract of the table is given here for ready 
reference in Table 8. The laboratory values refer to ordinary 
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temperatures and pressures of 2 X 10® C. G. S. and 10^® C. G. S. 
corresponding to depths of 7 Kms. and 33 Kms. respectively in the 
crust. 

Table 8. 


Bulk moduli of rocks (/rom Jeffreys), 


Rock. 

Density. 

k 

P 

C. G. S. 

Pressure (C. G. S.). 

Obsidian .... 

2-33 

151 

Mean for the ran^^e 




2 X 10“ to 10>“ 

Granite .... 

2*61 

18*3 

2 X 10» (7 Kms). 

Tachylite .... 

2-85 

240 

Mean for the range 




2 X 10“ to 10‘» 

1 

r 

2*74 

22-8 

2 X 10" (7 Kma), 

Diorite ... 8 





1 

L 

2-78 

24-3 

10 »» (33 Kms). 

1 

r; 

305 

27*8 

2 X 10* {7 Kms). 

Gabhro , , , i 

1 




1 

U 

308 

28-2 

10*» (33 Kms). 

Dunite .... 

3-32 

38-3 

lO^" (33 Kms). 

' 


The seismometric value for the bulk-modulus of the upper layer 
is appreciably below that for granite found experimentally in the 
laboratory. But the existence of the granitic layer is definitely 
known and Jeffreys explained the low seismometric value as being 
solely due to the effect of temperature within the granitic layer. 
The temperature-effect may not, however, be tlie only cause. The 
oc'casional presence in the path of P of rocks with bulk-moduli lower 
ihaii that of granite may also be a contributing factor. 

As for the lower layer, the only rock that is known to give the 

re(|uisite value for — is dunite. Taking the seismometric value as 

35‘3 and the laboratory value as 38-3 for dunite the. lowering in the 
value of bulk-modulus due to temperature may be roughly estimated 
as 8 per cent. If the degree of temperatnre-effeei w(‘re nearly the 
same in the intermediate layer, the seismological (‘vidence is in 
favour of preponderance of diorite and tachylite in that lay<‘r over 
gal)bro, as already pointed out by Jeffreys. 
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Summary. 

The main conclusions may be summarised ; — 

1. The earthquake of January 15th was initiated by a minor 

failure near 26° 18' N. and 86° 18' E., the time of origin 
of the first preliminary tremors being 8 h. 43 m. 21 s. G. M. T\ The 
culminating major crash, which occurred about 11 secs, after the initial 
minor rupture and about 5 secs, to 7 secs, after an intermediate 
stage, has its origin near 26° 21' N. and 86° 12' E. close 

to Madliubani. The progression of the fractures towards the 
W. N. W. from the minor to the major stage suggests that the stresses, 
no longer supported at the origin of tlie major crash, were transferred 
from the Madliubani area more towards Sitamarhi than tow^ards 
Purnea. 

2. The epicentre of the aftershock of January 19th is located 
near 26° 24' N. and 86° 18' E., which is close to the seismometric 
epicentre of the main shock. 

3. A list of the aftershocks which were registered by instru- 
ments both at Alipore and Agra indicates that their frequency 

declined very rapidly. This rapid decline is interpreted to mean 
that nearly complete relief was afforded by the main shock 

of January 15th. 

4. The extraordinary development of long waves and the 

presence on the Indian seismograms of pulses characteristic of near 
earthquakes with shallow focal depth, suggest that the main earth- 
quake of January 15th originated in the uppermost layer of the 
earth’s crust. 

5. The average time-distance curves obtained by combining the 
observations of January 15th and 19th for the compressional waves 
and tlie distortional waves through the granitic, basaltic and ultra- 
basic layers of the earth’s crust, give the following velocities of travel 
for the different pulses : — 

Velocity of Velocity of 

Compressional Distortional 

wave. wave. 

Granitic layer .... 5-20 Km /see. 3-29 Km/sec. 

Basaltic layer .... 6-21 Km/sec. 3-71 Km/sec. 

Ultrabasic layer . . . 7-80 Km/sec. 4*26 Km/sec. 

i Geological Survey - In oar PreUminary Account of the earthquake, which wati 
based on a Jess detailed analysis of the seismograms, we provisionally adopted for the 
time of origin a figure of 8 hrs. 43 m. 15 s. G. M. T. Rec. ChoL Surv, hid,, LXVIH, p. 
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The low value found for the velocity of the comprossional wave 
through the uppermost layer is explained as being due to the occa- 
sional presence of the Gangetic alluvium in the path of the wave 
near the top of the granitic layer. 

6. The focal depth and the thicknesses of the uppermost and 
the intermediate layers of the earth’s crust in Bihar have 
been calculated from the apparent delays in starting of tin; various 
pulses with respect to the fundamental distortional wave travelling 
directly from the focus to the observing station. Tlie values found 
arc : — 

Focal depth ....... 14'8 Kms. 

Thickness of granite 14-8 Knis. 

Thickness of basalt ..... 25-4 Kms. 

It is concluded that the primary cause of the Bihar earthquake 
of January 15th lay near the interface of the granitic and the basaltic 
layers. 

7. The scismometrio values found for the bulk-moduli of the 
crustal layers in Bihar arc : — 

lLxlO-’»C. G.S. 

p 


Granitic layer • 

• • • 

130 

Basaltic layer 

# t • 

20*2 

Ultrabasic layer 

» • • 

35'3 


In conclusion, the writer wishes to record his indebtedne.ss to 
the Difectors of a large number of seisriiological institutes who have 
made tlie present study possible by giving loan of photostat copies 
or originals of seismograms relating to the earthquake. The writer 
is also grateful to Dr. C. W. J3. Normand, Director-General 
of Observatories, India, for his continued keen interest in the work. 
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CHAPTER V. 


SEISMOLOGICAL OBSERVATIONS BY THE GEOLOGICAL 
SURVEY OF INDIA. 

(J. A. Dunn.) 

Location of the epicentre and focus. 

Ono of the principle objects of the Geological Survey investiga- 
tions was to locate the epicentre from the evidence provided by the 
graded intensities of damage in the field. Such observations can, 
of course, lead merely to the delineation of an cpicentral tract, in 
contrast to the point location on mathematical grounds, determined 
by seismometric methods. The elongated cpicentral tract, enclosed 
by isoseismal X, delineated by the geological survey, indicated 
therefore, the surface trace of the sub-alluvial fracture, whereas 
Dr. Roy’s epicentres indicate two successive positions from whicb 
dislocation actually commenced and spread along the plane of 
fracture. The suggestion is of a dislocation commencing E. S. B. 
of Madhubani and spreading rapidly towards the W. N. W. witli 
liigh intensity, contrasting with an extension to the south-east of 
decidedly less intensity. 

The term ‘‘ focus ” must be limited to the point at which rupture 
started along the plane of fracture. We find no reason to disagree 
with Dr. Roy’s calculation of the shallow nature of the focus. The 
naiTow elongated nature of tlie cpicentral tract indicates at once 
a crustal fracture which reached up to the sub-alluvial surface. 


Significance of the trend of the isoseismals. 

The elliptical traces of the isoseismals point to the linear nature 
the centrum. A striking feature of the isoseismals IX-VI is the 
close proximity to each other of the curves to the north-west, east and 

( 70 ) 
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south-east of the area affected by the earthquake and their gradual 
opening out at the western end. 

The pronounced indentations and the close similarity of the 
curves on their eastern sides form a conspicuous feature- -although 
in case of isoseisnml VI, from the meagre evidence at our disposal, 
this irregularity could be modified as is shown by dotted lines in 
the map, Plate 2. North of the Ganges th(>. easterly bulge of iso- 
seismal IX at Purnea, the eastern-most limit of the slump zone, is 
repeated in isoseismal VI north-east of Dhubri suggesting an exten- 
sion of the fractured zone in this direction up tlie Brahmaputra 
valley. The pronounced indentation of isoseismal VI along thc 
western edge of the Garo Hills finds a rtiplicsa in tlie westward indenta- 
tion of isoseismals VII and VII 1 west of Dinajpur and Katihar 
respectively. Further south the corresponding bulges in isoseismals 
Vlll-VI are found cast of Bhagalpur, west of Malda and cast of 
Netrokona respectively, thus providing a continuation of the Patna- 
Monghyr belt. Further, the zone of higher intensity within isoseis- 
mal VII, extending from Allahabad through Gaya to Dumka, has 
a correspondingly conspicuous bulge of isoseismal Vi to tlie west 
towards Bundi in Rajputana, and to the east isoseismal VI extends 
to Haooa ; this zone from Bundi to Dacca, some t)00 miles in length, 
is a rimiarkable feature of the earthquake. 

We have already mentioned the peculiar local increase in inten- 
sity at Cuttack and the isolated area of di'crease north-east of 
Gauhati. The increase at Cuttack may be related to the deltaic 
conditions at the mouth of the Mahanadi, and the patch of decreased 
intensity in the Brahmaputra valley may arise from a local thinning 
of the alluvium ; on the other hand, both may be a part of the 
peculiar more or less regular alternation in degree of severity out- 
ward from the epiccntral tract of North Bihar, an alternation which 
includes also the Patna-Monghyr belt, the Bikram-Bihar and Allaha- 
bad-Dumka zones and perhaps even the Nepal valley. This feature 
is best illustrated by a graph, fig. 7, which may be taken to diagram- 
matically represent the variation in intensities from Katmandu, 
through the epicentral region and south over the Peninsula. For 
ordinates, McAdie’s accelerations for each isoseismal, are used, and, 
excluding the zonal increase in intensity, the outer isoseismals give 
a smooth hyperbole. On this, are superposed for Sitamarhi, 
Katmandu, Muzaffarpur and Monghyr, the actual accelerations 
determined during the field work. For the Bikram-Bihar, 
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Allahabad-Gaya and Cuttack zones, the assumed acceleration has 
been taken as below that of McAdie for the next higher isoseismal. 

x; 
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Fxg. 7. — Acceleration'distancc graph, Bihar-Ncpal earthquake. 

The isoseismal map clearly shows that these alternating zones 
are not concentric to the epicentre, but (apart from the Nepal valley 
area) are roughly parallel to the trend of the elongated epicentral 
region. Although it is probable that the high intensity within 
the Nepal valley is due to the alluvial nature of that tract, the same 
interpretation of sub-soil control cannot be made for the other 
zones. The rivers here run more or less from north to south, 
towards the east-flowing Ganges, and all the information which we 
have available points to a widespread distribution of the alluvial 
beds ; if anything, they are aligned north-south, such as the thick 
sand bed of Purnea district. The zones cross the river trends at 
right angles, except, of course, the Patna-Monghyr belt which is 
parallel to the trend of the Ganges, but even the lateral extension 
of this zone crosses the rivers at right angles. Furthermore, 
control of the intensities by sub-alluvial ridges and valleys in the 




SEISMOLOGIOAL OBSERVATIONS BY GBOLOGIOAL SURVEY. 79 

basement rock cannot be an explanation, for the Allahabad- Dumka 
belt crosses alluvium and Archaean country indiscrijninately, and 
continues west with diminished intensity over Archaeans to Bundi. 
Neither can these high intensity zones be interpreted as due to 
sub-crustal peculiarities in movement of seismic waves radiating 
from the focus, or to wave interference, for in that case a more 
concentric arrangement of these belts would be expected. 

Klscwherc it is pointed out that, away from the epicentre and 
particularly to the south, the movement during the shock tended 
to be more or less cast and west, in a general way parallel to tlio 
trend of isoseismal X, and parallel also to the trend of the scvtu-al 
zozies of increased intensity. This indicates that somewhat polar- 
ised shear waves, oscillating parallel to the epicentral trend, were 
the dominant movements. This fact is profoundly significant for 
it implies an east-west component as the principal movement along 
tlie supposed fracture which was the source of the earthquake. 

We have then to find an explanation for tlic peculiar features 
noted in this section : — (a) the parallel zones of gradually dimini- 
shing high intensity and (6) the general east-west movement under 
tlie action of shear waves. 

Neither of these facts are consistent with a point origin, and 
in our opinion they can only imply a plane of dislocation. This 
is in contrast to experience in Japan where it has been found that 
the .sei.smic origin of most earthquake.s is small, mere points on a 
map, and origins of linear form or irregular shape are rare. In- 
deed, this has led Nobuji Nasu {1935, p. 2) to say— “ The focal- 
line or tocal plane, liitherto regarded as common forms of earthqualo; 
origin, cannot exist in reality ”. He also remarked (1935, ]>. 1.) : — 

the indications arc that earthquakes occur as a result of 

changes in the physical and chemical properties of rocks, and not, 
as has been usually regarded, as the result of fractures in the earth’s 
crust through sudden yielding to slow increasing strains.” On this 
view the faults are nothing more than the mere accompaniments of 
these sudden changes that take place in the rocks at far greater 
depths than originally imagined, Nasii’s view following Oldham’s 
e.xplaiiation of bathyseisnis based upon Fermor’s theory of changes 
m the cclogite .shell. However, Nasu’s insistence on a point of 
origin for the destructive seismic waves receives no support from 
such extensive earthquakes as the Bihar shock or the great San 
rancisco shock of 1906. For these a focal-plane is definite enough, 
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and was certainly conclusively proved for the San Francisco shock 
where a movement of up to 21 feet along the San Andreas fault, 
270 miles in strike length, was detected. Whatever may be the 
experiences in Japan the theory of point origins should not be 
lightly applied to other regions, and we discard it for the Bihar 
shock. The fact that the Bihar fracture commenced from a point, 
as discussed elsewhere, is (juite a different matter from the above 
considerations. 

We have, then, retained the view of a facturc as the origin of 
the Bihar earth (piake, in keeping with the trend of the isoseismals, 
and the direction of oscillation of the shear waves indicates that 
movement was largely horizontal, along the fault. Such a fault 
may be aptly termed a lateral shear fault, but Bailey Willis prefers 
the term strike-slip fault. W’e have still to explain tin; parallel zoiujs 
of high intrmsity. There is rio explanation whirdi we can advaiuje, 
with conlkhmce, but at h'ast one hypothesis does p(‘rhaps fit somi' 
ol the facts. It is suggested that as a result of a general w(^sterly 
movement of this part of the Peninsula the whole of the country 
north of an east-west lino striking .south of Allahabad and Dumka 
was in a state of strain befort! the ea.rtli(piake. The strain reached 
a maximum along the Motihari-Purnea belt, north of which the. 
mov('ment was (uthor nil or to the east. On fracturing along this 
belt the elastic rcbouiicl of the whole zoiio to the sooth was partly 
taken np by a sudden distortion or ('V(ui occasional fracture in 
parallel belts (fig, 8). A sliglit variation of this view is the possi- 
bility that the alternating stresses caused l)y rapid oscillation of 
the crust during rebound would set up a parallel scries of fraciiirt' 
zones each emanating from an irregular interface between rocks of 
markedly different elasticity — comparable to the so-called “ fatigue 
cracks ’’ in materials. 


Himalaya 


C 1 
Peninsula 
\ 




Fig. 8. — Dovelopnient of parallel stress zones, Bihar-Nepal earthquake. 
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Lest it be inferred that such parallel movements should be 
apparent in seismograms to the south, as an earlier phase to the 
main pulse, it has been pointed out elsewhere (p. 83) that these 
secondary movements cannot take place sooner than the time taken 
for shear waves from the main focus to reach these belts. As the 
shear waves travel more slowly than P waves the seismic waves 
from the subsidiary movements must remain incorporated in the 
general seismogram of the mam shock. 

In this discussion of the significant trend of the isoseismals and 
of the belts of higher intensity we have ignored wave interference 
as a possible explanation. Of the principal destruelive vibrations 
east-west oscillating shear waves were the dominant components, 
nortli-south condensation-compression components having little effect. 
We see no way in which there could have been such amazingly 
regular reinforcements of the shear waves as to give rise to tliesi; 
belts of liigher intensity, exci'pt by further actual shearing. 

W'^e put forward our suggestion witli some diffidence ; it is 
jierliaps the natural view of the geologist and possibly ignores 
certain properties of seismic waves with whicli we an. unfamiliar. 

The Avidth of the strain zone (100 miles) postulated soutli of tlic 
aciiial fracture is per Imps greater than most geologists would admit. 
For th(i 8an Francisco earthquake lleid has remarked that the 
strain zone could not have been more than 56 miles in width, and 
that measurable movement was limited to a belt less than 6 miles 
in width (1935, p. 95). We admit the difficulties, but would point 
out that we have here in Bihar a region of massive gnei,ssic rocks of 
gri'at thickiuiss, and the elasticity of which would be greater than 
that of younger bedded rocks. 


Time of the earthquake. 

The time of origin of the earthquake as interpreted from the 
seismograms has been already discussed by Dr. Boy. He has 
concluded that the first preliminary tremors began at 8 h. 43 m. 21 s. 
D. M. T. or 14 h. 13 m. 21 s. I. S. T. In our preliminary account 
of the earthquake. (Auden and Ghosh, 1934, p. 213) the time of 
origin was considered to be 14 h. 13 m. 15 s. I. S. T.,' a figure which 
was based on a less detailed analysis of the seismograms. 

It is interesting to note the accuracy of local records as compared 
with those of the seismograph stations. As was the experience 
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in previous earthquakes, no reliance can be placed on the majority 
of time estimates made in the earthquake area. In spite of the 
fact that railway stations and telegraph offices are supposed to 
receive Indian Standard time every day, estimates given by the 
observers varied greatly. In Bettiah, the Postmaster gave the 
time as 14-05 while the Station Master stated it was 14-15. An 
accurate clock belonging to Mr. Elms, Manager of the Bettiah Raj, 
stopped at 14-12. Mr. Kilburne, of Katmandu, gave the samp- 
time — 14-12. His watch is chocked daily by wireless. The clock 
of the MuzalFarpur Telegraph Office stopped at 14-15. That in 
the tower of the Secretariat building at Patna stopped at 14-10, 
evidently some time after the earthquake began. 


Duration of the shock. 

Within the area over which the shock was felt severely the time,s 
given for the duration of the shock vary considerably from 2 ^ to 5 
minutes. Taking into account the actions of many people and the 
distances they moved during the shock and the experiences they 
underwent the period of 5 minutes can be quite readily accepted. 

Most observers noticed more than one shock, the majority re- 
ported two. No clear distinction in the duration or number of 
felt shocks could be made out for different parts of the area of higher 
intensity. 

The great duration of tlic shock must be attributed largely to 
the length of the fracture. The fact that the greatest damage did 
not take place until the lapse of over two minutes may also b'- 
attributable to the same reason. As llcid has pointed out, at the 
time of intitial rupture the rigidity of the rock woiUd prevent largi' 
movements of the two sides of the fracture, but as this increased in 
size the movements would become greater, giving rise to the severe.st 
moments of the shock. One might compare this view with Dr. 
Roy’s interpretation of an early movement emanating from lat. 
26° 18' long. 86° 18' with, 11 seconds later, a movement of greater 
intensity further W. N. VV. at lat. 26° 21' long. 86° 12'. Reid 
(1933, p. 99) also remarks that the “ friction at the fault would make 
these movements irregular, so that the vibrations sent out would 
not be a steady, strong series, but would vary so much in intensity 
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that they would produce the effect of strong .shocks separated by 
weaker intervals.” The duration of the .severest part of the shock at 
any one place is also partly due to the length of time taken by the 
vibrations to arrive from distant parts of the fracture. ft should 
be remembered that the fracture itself cannot e.\tend fa.ster than 
the fastest or compressional seismic waves and probably lags some- 
what behind. If then, the fracture started near Madhubani and 
the tir.st compressional waves took a second to reach, say, Sitamarhi, 
the vibrations from the fracture at Sitamarhi would not be felt back at 
Madhubani until at least 2a seconds later. The time might well be 
3a seconds, for in the. more distant parts to which the fracture 
e.'i tends the strain will be at first much below the breaking limit 
and time, will be required for the elastic stresses at any point to 
build up to the breaking limit. 

Wo have not been able to note any consistejit variation in the 
felt duration of the shock from point to point, in the epicentral 
region, as rworded by local people. It is unfortunate that more 
particular attention was not paid to tliis aspect of the .shock, as 
a clo.ser comparative .study of its duration may have thrown some 
light on the direction of .spread of the fracture, independently of the 
evidence provided by Dr. Roy. 

We. have already pointed out the probability that the elastic 
strain from which the earthquake originated occupied not a mere 
plane but a large volume of the crust, extending perhaps as far as 
100 miles out from and parallel to the eventual fracture. It should 
not be inferred from this that the vibrations at any distant point 
within the .strained area should be felt before the arrival of the 
elastic waves emanating from the fracture it, self. The .shear strain 
is tir.st relieved by rebound along the .sitles of the fracture, these 
ii'hounds, of gradually diminishing amount, are transferred out- 
wards from the fracture, but at a speed not greater than the shear 
waves sot up at the fracture itself. Hence, even at a distant 
station far beyond the strain zone, the vibrations emanating from 
any near part of that zone cannot arrive before the vibrations set 
up at the initial point of fracture. The compre.ssion or P waves 
from any point of the strain zone will necessarily lag far behind 
those from the original point of fracture, as the shear waves which 
gave ri.se to rebound at such point within the strain zone move 
more slowly than the compression or P waves from the original 
point of fracture. 
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Intensity. 

An approadmate idea of the horizontal component of acceleration 
is obtained from measurements of fallen objects using West’s 
formula : — 

f=i^ 

y 

It is usually impossible to state whether or not the fallen objects 
had swayed prior to falling. Eye witnesses frequently noticed 
the sway of objects and it is certain that some of the pillars and gate 
posts did so as well. The most serious likely source of error is that 
objects, such as gate posts, often move laterally on their base before 
falling so that their hinge point is often not the outer edge and the 
value of X is therefore often smaller than the measurement usually 




(&) 


Fig. 9. — Reduction of x whore pillars shifted laterally before toppling. 


taken, as in fig. 9. Hence calculated values for acceleration may be 
sometimes in excess of the actual values. Measurements were 
taken only of objects that had fallen from their ba.se. The calculated 
values for acceleration are given below ■ 


Monghyr . 
Sitamarhi 
Muzaffarpxir 
Pipra 

Rampur Hari 

Katmandu 

Piisa 


3,270 mm. per sec. per 8ec. 
3,000 

3,050 to 2,647 „ 

2,943 

2,400 

2,048 

1,500 


Of these values that for Monghyr was calculated from the measure- 
ments of a gatepost which could not possibly have moved laterally 
before overturning, as the shape of the fracture at the base was 
such as to prevent it. 
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It is retsarkable that the shock in Nepal failed to overturn many 
of the stone columns stipporting images (Plate 25, fig. 2). These 
columns were cut from single blocks of stone, and were presinnably 
deeply set into the ground. If not deeply set, the centroid of 
gravity would have been high, and the columns would inevitably 
have fallen. Some of the overlying capitals did fall, such as that 
in Hanuman Dhoka at Katmandu, and these were found to have 
deep tightly-fitting sockets. Good craftnianship, good ro(!k and 
deep setting were evidently responsible for the frequent escape of 
these structures. 

The amplitude of vibration was determined by the use of the 
formula ; — 

4 X (xHy''^) 

3y2 

and gives figures ranging from 30-8 cms. or 12 inches at Muzaffarpur 
to 13*31 cms. or 6*2 inches at Katmandu. The range, or double 
amplitude, will be respectively two feet and 10*4 inches. 

Railway sleepers along a line orientated north-south near Motihari 
had pushed the ballast into piles, leaving gaps varying from 8 to 
12 inches in width. If these figures are an indication of the true 
double amplitude, it is possible that the figures obtained by the 
use of the above formula for amplitudes in tin*. Muzaffarpur-Oham- 
paran area may be too large. Near Udaipur Garhi, in Nepal, a 
stone was dislodged from its position on soil by nine inches. The 
amplitude would then be^ li inches. However, the reliability ol 
measurements provided by such sleepers and stomps, whose lateral 
movement is likely to increase with every vibration, is very doubtful. 

Tlie period of vibration was determined by t!u' iise of the formula 
for simple harmonic motion : — 

4tc^ a 

f=-F- 

Tills varied from just below two seconds to seconds. As the 
motion was certainly not simple harmonic, the values of these 
figures are probably not very accurate. 

In the Preliminary Report Dr. Coulson was quoted as having 
determined for Calcutta (isoseisraal VJ) the value of the acceleration 
(150 nun. per sec. per sec.), amplitude (15 mni.) and period (d secs.) 
li(an measurements of the di.splacement of the horizontal pendulum 
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of the seismograph in Calcutta. This quotation is incorrect as the 
acceleration was merely calculated from an assmned amplitude of 
15 mm. and period of 3 secs, (giving an acceleration of 70 mm, 
per sec. per sec.), and not from measurements of the seismograph 
records which were incomplete. Dr. Coulson thought that the 
acceleration would actually be nearer to 150 mm. per sec. per sec. 
in which case the values for amplitude and acceleration would also 
bo correspondingly different. It is very likely that the accelera- 
tion in Calcutta actually reached 250 mm. per sec. per sec. 

There is unfortunately very little evidence as to the extent of 
the vertical component of the earthquake waves. The thuds that 
were felt throughout the badly affected area certainly indicate that 
this was considerable. One observer at Monghyr stated that he 
saw a house lifted vertically, and then sink and shatter. In 
places the vertical acceleration must certainly have exceeded that 
of gravity. 


Direction of fall and movement. 

On Plate 4, is shown the directions of fall of pillars, chimneys, 
water tanks, etc., and movement of hanging objects. An arrow 
is given where the directions of fall are mainly to one point of the 
compass ; when equally to two opposite points, a line is shown. 

A large proportion of buildings and structures in Bihar and 
Nepal are orientated north-south. A pillar so orientated will fall 
to one of the cardinal points, .since it would not fall diagonally. A 
•single movement of the ground in, say, a N.W.— S.E. direction 
woidd act diagonally, • and its forces would be resolved in cast- west 
and north-south directions. This possibility should be allowed 
for. In the (inse of round chimneys, there is no such uncertainty. 
At Katmandu, observers stated that distinct shocks in east-west 
and north-south directions were felt, so that it is probaltle that the 
directions of fall do not repre^sent resolved parts, but are a true 
indication of the movements. The same remarks apply to the 
•swing of Inuiging objects such as lights and punkahs, for the align- 
jinmt of the building and of roof and ceiling beams would have some 
influence on the swing of objects suspendrid from them, particularly 
if the l.uilding is not completely rigid. 

In contrast to many earthquakes which show a centripetal 
distribution of directions of fall, in the present earthquake there 
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was a regional east-west direction, except in the west of the epicentral 
and neighbouring region. Between Hajipur and Sitamarhi the 
fall is fairly exactly to N. N. E. or S. S. W. It is E. N. E. at Pipra 
and Udaipur Garhi. At Katmandu it was to east or west and to north 
or south. Except for the north front of Patna, near the bank oi 
the Ganges, every place south of the Ganges reported east-west 
movements even as far south as Gan jam in Orissa. There is 
no sign anywhere of a consistent centripetal disposition towards 
a point, or even an area. 

One notable exception to the east-west movement is Calcutta, 
where the direction was consistently more nearly north and south. 
A possible explanation of anomalies is the type of wave dominant 
at a particular point. South from the epicentral tract the more 
rigid Peninsular rocks are quickly entered and the east-west oscillat- 
ing shear waves would tend to remain dominant. Owing to the 
great length of alluvium north of Calcutta these east-west oscillating 
shear waves would tend to be damped out in the loose alluvium 
before reaching Calcutta, and the principal component of the pulse 
may well be a north-south compression-condensation movement. 


H 



CHAPTER VT. 


ACCESSORY SHOCKS—THEIR SIGNIFICANCE. 

(D. N. Wadia.) 

Foreshocks. 

Most earthquakes of tectonic origin are accompanied by accessory 
shocks. Shocks of any magnitude are usually heralded by some 
premonitory tremors (foreshocks), whilst almost every severe earth- 
quake is followed by several hundred and even thousands of minor 
shocks (aftershocks), which steadily decrease in intensity, with 
slight fluctuations, and which continue for weeks, months and some- 
times years. In an area unprovided with seismographs, such as 
Bihar, the foreshocks or other disturbances may be quite unheeded 
if they are of an intensity less than V or IV. In Japan, where 
seismographic registration has been systematically developed, 
the foreshocks, especially when accompanied by slight but prolonged 
tilting of the ground, are now used as the basis of a system for predict- 
ing the destructive earthquakes which are believed to follow such 
symptoms. This ground tilt, as a precurvsor of violent seismic 
disturbance, is measured by a delicate type of recording clinometer 
or tilt-measurer (Imamura, 1930). The subject, however, is still 
a matter of researcJi and the accumulated precise data are as yet. 
insuflicient to be of practical importance. 

Both the foreshocks and aftershocks are usually most prevalent 
in and more or less confined to the epieentral region of the principal 
quake and in most cases cluster round the central tract enclosed 
within the isoseismal of high intensity. 

There is no recorded proof or reliable information ot foreshocks 
having been felt in the region surrounding North Bihar prior to the 
main shock of 15th January 1934. Mention may be made, however, 
of a number of shocks which were felt on the 11th, 12th and 13th 
of January in some parts of South India, e,g., Tinnevelli, Polachi, 
Sivakusi and several localities in the Anaimalai hills. On two 
different occasions earlier in the month a resident of Puri felt slight 
movement of the ground and vibrations ‘ exactly the same as those 
(xperienced on the 15th instant’; soon after the shock a distinct 

I B8 ) 
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rumbling noise ^as heard. There is no justification for connecting 
these distant ' shocks with the groat Bihar earthquake.^ 


Aftershocks. 

In marked contrast with the absence of foreshocks is the number 
of aftershocks which succeeded the great cartliquake of Bihar. 
A total of several hundred aftershocks has been recorded, but 
it is certain that a much larger number of less intense shocks was not 
ol)served or listed. In spite of this fact the seismic activity had not 
completely disappeared even after a lapse of twenty months, 
although it was greatly diminished ; but seismic activity had all 
but, ceased at tlie close of 1935 and at tlie time of writing (Novem- 
ber 193G) there is no perceptible sign of the continuation of the 
Bihar earthquake. 

Several smart shocks were felt in rapid succession throughout 
the whole epicentral area during the first two days following the 
main shock ; later, aftershocks rapidly decreased in frequency, 
jilthough scarcely in intensity, during the first month. The inten- 
sity of tliese shocks w^as marked by many intermittent fluctuations. 
Several irregularly recurring maxima and minima can be discerned, 
(n’eri at the end of a year, at those centres from which there has 
been anything like a continuous record. 

Table 9 gives the available data of the reported aftersli5cks from 
(he epic(;ntral area enclosed within isoseismal YUJ and its immediate 
neighbourhood. The list includes only those sliocks which were 
strojig enough to be felt by most residents and were subsequently 
r(‘ported in the newspapers ; it should be regarded as a statement 
of the more important aftershocks and nothing more. In addition, as 
not even a single seismograph existed in the shaken country, this 
list of individually recorded sliocks suffers from a lack of continuous 
er systematic observation. Notwithstanding that the Geological 
Survey circulated instructions regarding the urgency and import- 
iince of carefully recording these later shocks in as many centres as 
possible, and that the officers who toured the damaged areas also 
conveyed verbal advice on this matter to the local authorities, no 


3 Memoir. 

(IV ’ grateful acknowledgment to S- Khuda Buksh, Esq., Indian Polko 

^ Retired) of Patna, for use of his carefully compiled list of newspaper reports of earth 
< laors tclt in Bih^* after 15th January 1934 and continued to February 1930. 
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systematic day to day record has been kept by any Government 
department or private agency in the region. The list, although 
obviously incomplete, is the best that can be arranged. At many 
places several severe aftershocks have not been recorded whilst less 
intense shocks have been noted with some regularity ; from other 
important places within the central seismic area, such as Nepal, 
Monghyr and Purnea, records giving even approximate data have not 
been received. 

Following the Assam earthquake (1897), Kangra (1905) and some 
smaller Indian earthquakes, the Geological Survey investigations were 
materially assisted by local groups of people who, at a number of 
centres, systematically compiled details of subsequent shocks and 
tremors. 

Although the imperfections of Table 9 must be acknowledged, 
it is nevertheless capable of furnishing some useful information, as 
will be seen later. 

Tables 10, 11 and 12 give the seismographic records of the after- 
shocks whicli were registered at the Observatories of Alipore 
(Calcutta), Agra and Colaba (Bombay). 

Table 9.* 


More perceptible aftershochs, reported mainly in the newspapers. 


Year 

Date. 

Time 
(I. S. T.). 

Duration 
of shocks 
<in 

seconds). 

Station and descriptive details. 



11. 

M. 



1934 

January 35 to January 
25. 




Siliyvri.— Almoat dally. 

*’ 

15th January 

About 

17 00 

and 

21 00 

• • 

SiUgun- - f Two shocks. 

1 7 or 3 shocks at night. 


15'20th „ 




Katmandu.-— 1 28 shocks in six 
ratan.— > No conBldeiahlc 

lihatyaon . — J 

3> 

15th January 

10 

30 

.. 

One sliock. 



19 

80 


SVaYismigar^ Darbhanya dittfid.- One slioti 


,, 

20 

00 


Ma^^affarpvr. 


• • 

20 

so 

A few 
seconds. 

Baydogra, Darjeeling didrict. — One 


• 

23 

00 


MoWinri. — One shock. 


- ‘ i 

22 

30 


Muzaffarpur.—- and howlicy 
panic-stricken mob In bazaar. 


♦ Kindly coiiiplied by Mr. A. B. Dul t. 
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Table 9—contd. 


Yoaf. 

Pate, 



Time 
(L S. T.). 

Duration 
of 8hock.9 
(in 

seconds). 

Station and descriptive details. 

mi 

ir»tli January 



H. 

23 

H. 

30 


Motipur, 17 in. N. TK. of Muzaffarpur, 


>» 



Night 


Sitamarhi. -i^hocka felt 10 times. 


January 



00 

00 


Motihari. — One shock. 


> 9 



mklnigJit. 

00 00 
mldulght. 

0 20 

15 

Muzaffarpur. — One shock. 

Gorakhpur. — rorcoptlblo shock. 


„ 



00 

30 

.. 

Hajipur. — One shock. 





1 

15 

.. 

Muzaffarpur. — One shock. 





1 

20 

A few 

Bhagalpur. — One shock ; no damage. 


Jf 



1 

30 

seconds. 

3 to5 

Pusa. — Tremors. 


>» 


• 

1 

30 

.. 

Motipur ^ 17 m. N. IT. of Muzaffarpur. 

,, 

99 



2 

00 


Darbhanga. — One shock. 


„ 



2 

30 


Muzaffarpur. — One shock. 

,, 




3 

15 


Muzaffarpur. — One shock. 





4 

00 


Pum. — One .shock ; hods were rocking. 


„ 



4 

30 

.* 

^fotipur, 17 )n. jV. IT. of Muzaffarpur, 


I 



5 

00 


Motihari.- -One shock. 


, >, 



5 

30 


/Mjipwr. —One shock. 


j ♦ 



0 

00 


M uzaffarp ur.— O ne shriek . 

1 » 

,, 



0 

00 


Pusa. — -Rumlding noise. 


r* 



0 

00 


Pa,fr/. One tremor with riimhiing sound. 





0 

30 


Motipur, 17 m. N, IT. of Muzaffarpur, 


n 



8 

00 


Muzaffarpur. 


ti 



10 

00 


Muzaffarpur. — One sliuck. 


rf 



10 

00 

60 

Jamui. 

- 

»» 



10 

00 

GO 

Oawan. 

M 

it 



10 

10 

. . 

Motihari, — One siiock. 


if 



10 

20 

. . 

Burar. — One fcoMo shook. 

,, 




10 

25 

6 

Pw8tt.— Ono moderate shock with up and 





10 

30 


down movornonts. 

Bihar. — Strong shock 


If 



10 

30 

A few 

Bhagalpur. — One shock ; no damage. 


>f 



10 

30 

seconds. 

Darbhanga. —One shook. 


- 



10 

30 

•• 

Rughera Ghat. --One shock. 
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Year. 

Date. 

Time 
(I. T.). 

Duration 
of BhockB 
(in 

aoconds). 

station and descriptive details. 





H. U. 



1934 

16th January 



About 

10 30 

About 6 
seconds. 

Qopalganjf Sarun district, — One shock. 

t* 

>» 



10 80 

• • 

Hajipur. — One shook. 

>> 

tt 



10 30 

2*3 secs. 

Parna.—Mild shock. 

1) 

*i 



10 30 

60 

Motihari. — One shock. 


ti 



10 30 


Motipur, 17 m, N, W. of Muzaffarpvr,-^ 
Quite large shock ; rattling factory. 

>1 

„ 



10 30 


Muzaffarpur. — One shock. 


99 



10 30 

60 

Champaran. 

it 

it 



10 30 

60 

Sonepur, 

»» 

" 



About 

10 30 


SitcaUy Saran district. — A slight tremor. 

»» 

>t 



10 40 


Dhanhad. — One tremor. 





. * 


Dalsing Sarai, — Smart shock. 

n 

if 



11 00 


Darhhanya, — One shock. 


ft 



11 00 


Ballipur. — Moderate shock ; rumbling iioi,?c. 


j> 



• • 


SUamarhi, 3 or 4 shocks during tlio day. 

Direction of shock from N, W. 

)> 

tt 



Noon. 


Patna. — One severe shock. 


it 

** 



Noon 

14 00? 


MadlteporCy Darbhanga district. — Three minor 
shocks. 

Muzaffarpur, 

,, 

,♦ 



14 17 


Sonepur. — Smart shock. 

>) 




20 00 

Between 
20 00 
and 

21 00 

b 

K/ioribariy Darjeeling dislrict. — One modi rate 
shock. 

Patna. — Mild shock. 

■ 





About 

22 00 


Qopalganj, Saran district. — One slight shuck. 

„ 

.3 



22 30 


Motipufy 17 m. N. W. of Muzaffarpur. 


” 



1 

1 About 

1 22 30 


Silvan {Chapra). — One shock. 

»> 

„ 



Night 


SUamarhi. — Shocks felt 5 times. 

>’ 

» 



Night 

t • • 

Warisnagar, Darbhanga district. — Some 4 to 

6 shocks. 


it 



Not 

known. 


Bagdogra, Darjeeling district.--Om slight 
shock. 


17th January 



i Between 

2 DO 
and 

4 00 


Patna, — Two slight shocks. 
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Year, 

Dato« 

Time 
(I. S. T.). 

Duration 
of Bhocks 
(In 

seconds). 

Station and descriptive details. 





u. 

H. 



1934 

17Ui January 



2 

00 

.. 

Kurseong. 

It 

It 

It 



2 

8 

30 

80 

•• 

^Motipur^ 17 ?«. N, li'. oj Mazajfurpur, 

It 

It 



12 

05 

. . 

Motihari . — One mild shock. 

ft 

1/ 



12 

20 

30 

Jamui . — One shock. 


ti 



16 

00 

. . 

BalHpuT iTirhut district).'— tremors. 


It 



16 

00 

. . 

EajipUT.—Om shock. 

If 

tt 



21 

00 

2 

Mungpo, Darjeeling district , — One ratlicr 
strong shock. 

tt 

tt 



Night 

. . 

SiUtmarhi . — Shocks felt 3 times. 

ti 

99 



Night 

. . 

Mtizvffarpur . — Three shocks. 


„ 






Laukaka^ Darhhutiga district . — Unc shock. 


18ih January 



Midnight 
00 00 

•• 

MotipuTi 17 m. N, W. of Mvzaffurpur. 


>) 



00 

05 

60 

Jamui . — {shocks lasting 60 secs. 

9} 

If 



00 

05 

About 

8 sees. 

lOioribari, Darjeeling district . — Tno or more 
sti'oiig shocks. 

'1 

III 



00 

20 

30 

Gorakhpur.- shock, doors and 

windows rati Jed. 

J 1 

II 



- 

30 


Motipur, 17 m. A", lb. of Mazaffurpur. 

J.aukuliUy Durbhunga district.- -One shock. 

” 

10th January 



00 

00 

60 

iSitaniar/ii.— iiinurl sho( ks ; Motihaii, 60 
secs., .Salgawaii, 120 secs. 


ft 



00 

00 

30 

Gorakhpur shock. 


11 



00 

12 

30 

Giridih. — One shock, 60 secs. 


„ 



00 

16 

120 

Valamuu.- — 120 secs. 

»> 

If 



CO 

20 

40 

Vhaira. — One shock. 

>> 

II 



00 

21 

. . 

Motihari." ~ One .shock. 

3) 

II 



00 

30 

45 to 00 

Deoghur. One shoik of nmderate iutensity. 

M 

,, 



00 

30 

30 

Pakitr.— One shock. 

7> 




1 

1 

00 

20 

•* 

Mohiuddimujar, Durbhangu disirkt. — One 
shock. 

Durbhangu. — One siiock. 





4 

05 

About 

6 secs. 

Khoribarif Darjeeling district. — Two rather 
strong shockSc 

99 

II 

i> 



16 00 

Night 

i a sec. 

Mungpo, Darjeeling district. — One shock; 
not strong. 

Sitamarhi.—Om shock. 





Night 

120 

Gawan. — Trem or s . 
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1934 ipfch January 
t> 19/20th January 

t» 2Cth January 


Time 
(I. S. T.). 

Duration 
of shocks 
(In 

seconds). 

H. 



Night 


00 00 
midnight. 

Not over 
16 secs. 

00 00 
midnight. 

Very 

short. 

00 05 


00 08 
to 

00 12 

60 

00 10 


00 12 

18Q 

00 

15 

15 

00 

15 

120 

00 

10 

8 to to 
seconds. 

00 

16 

69 

00 

18 

About 

60 sees. 

00 

20 

About 

40 secs. 

00 20 

00 

00 20 


00 

22 

30 

00 23 

2 or 3 

00 23 

00 25 

A few 
seconds. 

A few 
seconds. 

00 25 

40 

00 30 

. . 

00 30 

60 

00 80 

60 

00 30 

. . 

00 30 

30 

00 80 

SO 


Station and desoriptlve details. 


I^uhiha, Barhhanga district.^-One shock. 

Khagouly PcUna. —Ono shock the effect of 
which WHS to enlarge the previous cracks ; 
no other damage. 


Nawadaf Gaya district , — One shock of very 
slight Intensity. 

Chapra Kachari JRailtvay Station . — One 
shock. 

DaUonganu — One strong shock accom- 
panied by buzzing sounds. 

Samastipur , — One smart shock. 

-—Several .shocks in quick suc- 
cession ; another shock after 10 minutes. 

Daltonganj. — Smart shock, 

Dhanbad. — Severe tremors. 

Pum . — One shock rousing people from 
sleep ; movement from north to south, 

Jalpaiguri. 

KUhanganj, Purnca dUtrirt. 

Darjrjding. — One shook of slight severity ; 
no damage. 

Pr Utah pur. 

Muzaffarpur. — One shock. 

Marhayvrah. — Tremors accompanied by 
feeble nolso. 

Muzaffarpur . — ^One slight shock ; no casual- 
ties blit the shock caused damage io 
buildings. 

Nayagoan (Sonepur). -Strong tremors. 

Bhagalpur . — One mild shock ; no damage. 

Bihar . — One strong shock. 

Gonda . — Three mild shocks. 

Buxar . — One shock. 

Champaran. 

Dumri. 

JDeoghar. —One sharp shock. 

Pakatir.— One shock. 

Motipur. — One shock. 
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Table 9 — cot^td. 


Year. 




Date. 

Time 
(I. S. T.). 

Duration 
of shocks 
<ln 

seconds). 


H. 

M. 


20th January 

00 

30 


»» • ■ 

00 

30 

.. 

»> • • 

00 

30 

60 

H • * 

00 

40 

8 

>» • ' 

00 

45 

120 

f. 

01 

30 

.. 

»» * * 

4 

00 



Early 

.. 


hours 



of the 



morning. 



6 

30 


• i 

9 

45 


• • 

12 

30 


21st January 

00 

20 

60 

♦ : 

00 

30 



1 About 



00 

30 



13 

00 



22 

00 


M 

Night 


22nd January 

Midnight 



00 

00 



1 

21 


II 

1 

25 



1 

80 


»» • • 


> 


23rd January 

6 

30 


r 

00 

45 




1 

00 




2 

00 



2ith January . 




► . , 


15 

00 




17 

00 




21 

30 




Station and desoriptlvo details. 


Uajipur. — One shock. 

MoHpur. — Big shock. 

Palamau. — Several tremors. 

Po^na. — The shock reawakened the city ; no 
casualties but many buildings which had 
been damaged, collapsed. Direction 
N-S. 

Matihari^ 

Kathmandu (Nepal). — One perceptible shock. 

Motipur. 

Madhupur. — One sharp shock lasting about 
a minute. 

Moderate shocks. 

Darbhanffa,—OnQ shock. 

Laukaha, Darbhanga dUtrid. —One shock. 

KarmtUar. 

Motipur. 

Berhampore. — One slight shock. 

Moflhepore, Darbhanga district. — One shock 

Buxar. — One shock. 

Sxtamarhi. — Shocks felt twice. 

Motipur, 17 m. N. W. of Muzaffnrpur. 

Pusa. — Moderate shock, LIgh tremors 
could be felt at times up to the 27th 
January, 1934, 

Motipur. 

Muzajfarpur. — One slight shock. 

Muzajfarpur, — Two shocks. 

Madhevore, Darbhanga district. — One minor 
shock. 

Motipur, 17 m. N. IF. of Muzaffarpur . — 
Bather largo shock at 21 >30 hours. 
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Table 9 — contd. 


Year. 

Date. 

Time 
(I. S. T.). 

Duration 
of shocks 
(In 

seconds). 

Station and descriptive details. 





H. 



1938 

25tb January 


* 

9 00 


Between Barh and Pandarak {Near Patna).-^ 
Great sounds undergound followed by a 
momentary vibration. 

*1 

>t 



»right 

.. 

Sitamarhi, — One shock. 

ft 

26th January 



Night 

- 

SUamarhi. — Shock felt once. 

ft 

27th 



16 30 


Purnea, 

» 

28th 



1 00 

•• 

Motipur. — Large shock nt 1-00 hour ; 

everyone rushed out. 

>3 

It 



3 00 


Mma^ffarpur, 

It 

*' 



15 00 

22 00 


^Motipw. 

n 




Night 

. . 

LaukahUf JJarbJtatiga district. — One shock. 


tf 



Night 


Sitamarhi. — Shocks felt thrice. 

33 

20(:h January 



* . 

. . 

Chapra. — One smart shock. 

>> 

ft 



1 00 


Darbhanga. — One shock. 

f> 

»i 



6 30 


Motipur. — Hoof rattied. 


30th January 



Night 


Sitamarhi. — Shock felt once. 

ft 

It 



22 00 


Motipur. 


It 




t 

Muzajfarpur. — One shock. 


3 let January 



0 15 


Motipur, 

, 

It 



Night 


LauJcaha, Darbhanga district. — One shock. 

Jf 

3l8t(?) „ 



Night 


Muzaffarpur.—OiiQ slight shock. 

> 

1st February 



18 30 


Jate, Darbhanga district, — One shock- 

” 

2nd tf 

3rd „ 



21 50 

21 45 

. . 

^Motipur. 

•• 

» 



23 30 

180 

Khepupara, Bakarganj dutrict,—yiM 

shocks. 

f» 

4th February 



2 25 

. . 

M uzuffar pur.— Olio shock. 

it 

tf 



Night 


Sitamarhi. — Shock felt once. 

ft 

6th February 



2 10 


Darbhanga. — One shock. 

It 

ft 



2 20 

.. 

Muzaffarpur, — One shock. 

It 

ft 



2 19 


Pusa. — One slight shock. 

33 

>> 



2 20 


Muzaffarpur, — Shock lasted a few secouda. 

>* 




Night 


SUamarhi. — Shock felt once. 

tf 

>t 

• 


15 50 


Muzaffarpur, — One shock. 
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Table 9 — contd. 


year. 

Date. 

Time 
(I. S. T.). 

Duration 
of shocks 
(In 

seconds). 

station and descriptive details. 





H. M. 



1034 

8th February 


• 

8 80 

- 

Anxria, Pumea district , — One shock. 


tt 




U 

Naya Dumka , — One rather strong shock. 


tt 



Night 

.. 

RascatU , — Severe tremors. 

1* 

10th February 



20 23 

. . 

Pusa . — Slight shock. 


t 



Evening 

•• 

Darbhanga . — Shook punkhas ; new cracks 
developed. 

„ 

llth February 



09 45 

.. 

Araria, Purnea district.—Onc shock. 

n 

•• 



10 16 
to 

10 80 

•• 

Darbhanga, 


11 



20 23 

. . 

AfofiAflfi.— One shock. 

»t 

tt 



20 30 

. . 

Hajipur . — One shock. 

tt 

" 



Night 


My£affarpuT,-^OnQ shock of moderate 
intensity. 

>> 




Night 

. . 

SUamarhi , — Shock felt once. 


»• 



Night 

. . 

Paxaul , — Further shocks wore felt. 


12th February 



8 30 

.. 

Afof?7ian,— One shock. 


tt 



0 30 

3 

Hajipur.— One shock. 


,, 



9 30 

• . 

Benipore , — One severe shock. 

f 

It 



About 

0 80 

•• 

Mutaffarpar . — One shock. 


13th February 



9 85 

9 40 

•• 

Samastipur . — One shock from noitluily 
direction. 

liaxavl.—Om shock of moderate intensity. 


” 



23 02 


Darbhanga.— O jiq slight tremor (Accord- 
ing to Mr. A. M. N. Ghosh). 

»> 




1 • 

•• 

Sitamarhi. — One shock of severe intensity ; 
a number of fissures appeared In the 
ground, from which water gushed out. 


36th February 



mg 

. . 

Madhepore, Darbhanga.— Ouq minor shock. 


It 



23 00 

. . 

Hajipur. — One shock. 

1 

16th February 



15 80 

.. 

Madhepore, Darbhanga. — One ordinary sliock. 

» 

17th February 



6 00 

•• 

Madhepore, Darbhanga district.- Another 
similar shock. 


tt 



6 03 

. . 

Lohai, Darbhanga distrid. — One shock. 

9» 

tt 



8 00 

. . 

Kesariya, MoHkari Dietrid.—Om shock. 

t » 

It 



8 30 

. , 

Motihari. 

>) 

It 



8 30 
to 

9 00 

• • 

XoAof.— One shock. 
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Tarlp 9— 



17th January 
to 

18th „ 


20th February 
2l8t „ 

22nd 
23rd „ 

25th » 

2nd March 


5th M'jrch 
lltli Marcli 


9th April 


10th April 


14th Ai)ril 


Time 
(1. S. T.). 

Duration 
of shocks 
(in 

seconds). 

H. u 


7 00 


7 00 


18 33 

3 secs. 

20 44 


23 25 


22 20 


Night 


1 30 


9 00 

•• 

9 45 


19 16 


6 00 

About 

30 sees. 

0 03 

15 sees. 

2 00 

Over 10 
seconds. 

2 20 

A few 
seconds. 

2 20 

A few 
seconds. 

About 

2 30 

About 

10 seconds. 

About 

3 00 

•• 

Early 

morning. 


2 80 


r 4 05 

1 4 30 

} 10 ■ 

About 

4 30 

Very 

short 

duration. 


Station and descriptive details. 


VMadheportif Darbhanga dittrid . — Two 

J shocks. 

Samastipur. — Smart shock. Doors rattled. 
Direction N.-S. 

Piua, — Tremors were felt. 

Hajipur . — One shock, 

Rmhera Ghat. — Slight shock, accompanied 
by rumbling noise. 

Hajipur. — One shock. 

Sitamarhi. — Shock felt once. 

SUamarhi. — Smart, shock, people awakened 
from sleep. 

Madhepore, Darbhanga district. — One 

shock. 

Darbhanga. 

Madhepore t Darbhanga district.— Orxo shock. 

Darbhanga. 

Khoribari, Darjeeling dUtrict. — Two or thrc(' 
shocks of moderate intensity ; motion 
west to east, 

Nipania, Nepal. — Earth tremor, rapid 
vortical vibrations and low rumbling 
sound. Dogs barked. No damage. 

Mitcaffarpur . — One shock of modcrale 
intensity preceded by a peculiar sound ; 
no casualty. 

Barh. — One shock of slight intensity. 


Darbhanga . — Shock of mild intensity ; no 

damage. 

Dhagalpvr . — One shock of slight intensity. 
Sitamarhi . — A severe shock. 

Raxavl . — One shock of slight intensity. 


rurncM.—Ono smart shock ; heavy rain 
attended with storm was falling at the 
time ; several buildings further sank by 
several inches. 


tremor was more severe than the ilrst. 


no damage. 
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Table 9 — cofM. 


1 








H. M. 


11)31 

Mth April 




•• 

- 

20th Ajuil . 



r 1 45 

L 5 15 

*] A few 
> seconds. 


2r»th „ 



Morning 



30th „ . 



r 2 00 

ll7 30 



8th May . 



About 

8 30 


- 

20th „ 



11 30 

About 

6 sees. 


* 



11 30 


- 

Jf • 



10 40 

A few 
seconds. 


1st June . 



12 00 

? 

M 

»» • 



2 00 

•• 





•• 

•• 

- 

2nd June . 



About 

00 30 



.. 



00 r.o 

20 


• 



1 00 






1 00 

About 

5 secs. 

- 




About 

1 00 

■* 





1 30 






About 

2 00 



i| • 



2 00 
to 

3 00 

- 

- 

ft . 



4 00 






11 20 

o 





11 30 



Station and descriptive details. 


Jaipur {near Darjeeling *). — One shock. 

Darbhanga,'~~'V\\’o shocks ; the second shock 
was follow'ed hy a loud nimhling sound ; 
no damage. 

Madhubani- Tu o more shocks preceded by 
usual rumbling sounds ; shocks not of 
much intensity. 

Monghyr . — Two more shocks ; the second 
shock was sharp though short 


Muzaffarpvr .— One shock ; a peculiar sound 
just preceded the shock. 

North of Muzaffarpiir district . — One shock of 
moderate. Intensity. 

SitamarM.—One shock. 

Darbkanga.- One lather strong shock. 


Bhagalpur. 

Motihari. 

Sitamarhi. 

Monghyr . — One smart shock. 


iHirhhnnga- One siioclc of great Intensity ; 
no considerable damage excepting slight 
cracks in the houses and tlie collapse of a 
few mud walls. 

ClKiprtt.- One shock ; no report of any 
seiloii.s damage. 

Muzaffarpur.'- One shock of considerable 
intensity ; a pecnliar hummiug noise 
preceded the shoi^k ; people bei ame 
pantc-sti icken, left their beds and ruslicd 
to the open. An earthquake .sJiock of 
con.slderable intejisity wa.s also felt in the 
interior of the district. 

Painn . — One shock. 


Ritjo, near Sitamarhi.- Mndei^Xe intensity,. 

Partiea, One shock of moderate Intensity ; 
no damage, 

Phagnlpur— Two shocks; first slight, second 
sharp though short. 

Iliya - Shock of moderate Intensity. 

Nayn Dunila.- One shock. 

Monghyr.- -Two successive shocks, one of 
which was rather .strong. 
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Table 9 — conld. 


Year. 

Bate. 

Time 
(I, 8. T.). 

Duration 
of shocks 
(In 

seconds). 

Station and descriptive details. 

1034 

2nd June 

• 

• 

* 

H. M. 

About 

11 80 

•• 

PurMa . — One shock of moderate Intensity ; 
no damage. 


10th 

June 

* 


. 

11 

00 

.. 

Monghyr . — One shock. 




. 



17 

16 


Monghyr . — One shock. 


nth 

June 




13 

46 

•• 

Monghyr , — One severe shock ; several da- 
maged walls collapsed. 


17th 

>1 

• 



2 

10 

About 

20 secs. 

Siliguri .—One sliock of mild intensity ; no 
damage to life and property reported. 


18th 

>■ 




About 

17 00 

A few 
seconds. 

Monghyr . — One shook lasting a few seconds. 

II 






17 

16 

•• 

Darbhanga . — Two smart shocks in quicl^ 
succession. The Intensity of the shocks 
was severe. No damage reported. 







17 

20 

•* 

Muzaffarpur , — One shock of considerable 
Intensity ; no damage. 







17 

30 

. . 

Barh . — One shock of slight intensity. 

)> 

10 th 

June 




Midnight 


Bark . — Another slight shock. 

>1 


>1 




5 

20 


Muzaffarpvr. 



>• 




• 



Baluhtty Muza ffur pur . — One Alight shock ; 
several walls In the village came down ; 
no loss of life. 


2iid July 




1 

40 

About 

10 secs. 

SiligurL— Om shock of mild intensity; n*^ 
damage reported . 


I5th 

.luly 




7 

34 

30 

Siliguri . — One shock of considerable inten* 
Bity ; no loss of life or damage to pro- 
perty. 

» 1 






17 

45 

A few 

fiCCS. 

Darbhanga.— One shock of considerable 
int.eii.slty. 

II 


11 




Night 


Lavkaha, Darbhanga ilistrict. One .sliock 
with ruinlding noise. 

I) 

23rd August 



About 

13 45 


Darjeeling. — One slight shock. 

II 

24 th 

- 

• 


1 

12 

00 

•• 

Warisnagar, Darbhanga district. — One 

shock. 

II 

281h 

II 

• 



9 

so 

.. 

Laukuha, Darbhanga district- One shock. 



fl 




11 

36 


Darbhanga. — One shock. 

>> 

20t)i 

” 

* 



9 


•* 

Madhepore, Darbhanga district. — One 8e^ ele 
shock. 

i* 


♦» 




9 


Several 

secs. 

Muzaffarpur. — One shock of considerable 
Intensity ; the inmates of all the houses 
rushed out for safety ; no damage. 



>> 




9 

10 

Short 

duration. 

Sonepvr Junction. — One shock of consid( r- 
able intensity ; no damage. 



>1 


* 

• 

0 

13 

A few 
secs. 

Patna.- -One smart shock lasted a few 
seconds only. 
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Table 9 — contd. 


Year. 

Date. 

Time 
(I. S. T.). 

Duration 
of shocks 
(in 

seconds). 

Station and descrlptivo details. 




u. H. 



1934 

29tb August 

• 

9 16 

About 

2 secs. 

Darbhanga. — One shock of Idgh Intensity ; 
visible cracks appeared on a good many 
buildings and some houses fell. 




9 30 

.. 

Qaya. — One mild shock. 

- 

” 


9 30 

•• 

Jalpaiyuri. — One shock of moderate inten- 
sity. 


f • • 


9 30 

About 

40 secs. 

iSitamarhi. — A very shtirp earth tremor ; 
no casualty. 


30th August , . 


17 45 


Muzaffarptir. — One slight sliock. 

)» 

23rd fSoptember . 


14 45 


Darjeeling and several North Bihar stations. 


14 th December* . 


19 30 

•• 

Madhepore, Darbhanga. — One shock with 
rumbling noise. 

<> 

10th 


About 

7 30 

•• 

Haxaul, — One slight shock. 

” 

18th 


4 00 

A few 
secs. 

Bhagalpur. — One slight shock ; no Injury 
or damage. 

>> 

> 

• 

4 46 

2 

Muzaffarpvr,- One shock of sliglit inten- 
sity. 

1935 

10th January 


4 39 


Chinsurah. One slight shock. 


2lHt March , 

* 

6 20 

About 

20 sees. 

Naya Dumka. — One rather strong shock 
accompanied i>y sounds like that <»f a 
motor car In motion. 



• 

5 34 


(■alcutta. — A series of cartliquake shocks 
continuous for several minutes ; the first 
.shocks were of considerable Intensity but 
became progressively slighter. 

M 

M 

. 

6 35 


Jkrhampore. — Severe shock, rather strong. 




5 35 

3 or 4 
secs. 

Khulna. — Three mo(lerate sliocks of which 
the middle one was the strongest. 






C hander nag ore, — Slight shock . 

M 

5f • » 

. 



Chinsurah. — Slight shock. 

M 

19 • 

. 

. . 


Krishnagar. — Moderate shock. 

» 

f > • • 


. . 


J/a/f/tf.— Slight shock. 


f > • • 

. 

. . 


Satkhira. — Slight shock. 

» 

10th April . 


7 00 

. . 

Darbhanga, — One shock. 

•> 

23rd AprU . 

• 

22 20 

About 

2 secs. 

Naya Dumka. — One shock. 


19 • « 


22 80 

. . 

Darjeeling. — Two shocks. 


M 

. 

. . 

. . 

Berhampore. 


it • • 

• 

•• 

•• 

Chinsurah. 


between September and Deoember U due tQ nou-ro rord aaJ not to any tesaation mC 
Seismic activity, t' M ^ 
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Table 9 — contd. 


Year. 

Date. 

Time 
(I. 8. T.). 

Duration 
of shoe liS 
(In 

seconds). 

station and descriptive details. 





H. M. 




23r(l AprD . 




. . 

KrUhnagar. 


>> • 




. . 

Satkhim. 






. . 

Serampore. 

,, 




. . 

. . 

Siligtiri. 

- 

30th June . 



About 

15 00 


Kalimpong. — One slight shock ; no daniasjo. 

,, 




15 20 

. . 

Darjeeling. — One shock lasted a few .seconds. 

- 

,, • 



About 

16 S5 

Nearly 

6 secs. 

Jalpaigvri. — One shock of moderate inten- 
sity. 


1st July , 



. . 


Darjeeling. — One .slight shock. 


4th „ 




. . 

Dinajpur^ Jalpaigari and Darjeeling. 


24th August 



About 

midnight 


Darbhanga. — One severe shock. 


>t 



About 

midnight. 


Motihari.—Ona severe shock. 

yt 

If 



About 

midnight. 

•• 

Muzaffarpur. — One severe shock ; Inhabit- 
ants rushed out of tlielr houses ; no 
damage. 

>1 

SOth „ 



16 SO 

•• 

iMiikaka, Darbhanga distriei. — One shock. 


26th November 



6 15 

4 

llazaribagh. — One shock with a sound like 
that of a bus passing nearby. 


- 



6 22 

20 

JRanchi. — One .sharp shock ; no damage. 

- 




6 24 


1 

llazaribagh.— One shock of considerable 
intensity was felt accompanied by a 
rumbling sound. 


8th December 



22 36 


Siliguri. — One slight shock for a few seconds; 
no damage. 

» 

l?th 



20 00 


Sitainarhi.— One sharp shock ; no damage. 

- 

21at „ 



9 30 


LankahUy Darbhanga district.— O m shock. 

1936 

2n(i January 


• 

4 20 

About 

SO secs. 

^iliguri. — One shock of moderate intensity. 


21st ,, 

* 


A little 
after 

18 16 


Jalpaigvri. — One moderate shock ; no da- 
mage. 

- 

27 th 


* 

16 00 

•• 

Purnea.- One shock of moderate Intensity 


- 

• 

• 

About 

16 00 

n 

Dhagalpur. — One mild shock ; the wave of 
the tremor seemed to come from uortli* 
we.st. 
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Table 9—c(mdd. 


Year, 

Date. 

Time 
(I. 9. T.). 

Duration 
of shocks 
(in 

seconds). 

Station and descriptive details. 





H. M. 



1030 

nth February 

‘ 


About 

10 10 


Purnea. — One somewhat severe shook. 





10 10? 


Bhagalptir. — One shock. 


•• 



10 19 

10 19? 


Calcutta. — The shock was felt by some 
people. 

Dholi, B, and N. W. Rp.—The worst damage 
was reported from here ; the station was 
damaged and a Assure appeared on the 
platform. 

*• 




10 19? 

3 

Muzaffarpur. — One shock accompanied by 
a rumbling sound ; no damage to buildings 
reported. 

>> 




10 19? 


7*afn.3.“-Tremor8 of moderate intensity. 


- 



10 22 

3 

Katmandu. — One sharp shock ; no loss of 
life or heavy damage to iiroperty. 


- 



About 

10 25 


Dumka. — Three rather strong sliocks with 
unusual sounds during them. 







Bhagalpur persons died of 

injuries wiusod by a M'all collapsing dur- 
ing a severe shock. 


- 




H 

Darjciding. -One shock lasting 4 seconds 
was followed by a more severe one of 
similar duration ; no damage reported. 


llitli February 



2 00 
to 

3 00 


-Shocks were experienced. 


- 



2 30 

1 


Bhagalptir. -Owe shock. 


l^Hh February 



7 34 


, sit iguri. Owe shock of moderate Intensity 
lasting a tew .secomis ; no damage. 


otb June . 



About 

5 34 


Bhagalptir. One .sliarp shock; no damage. 


>• 



About 

5 34 

•• 

Darjeeling. One bliarp shock ; no loss of 
life or damage to property. 


- 



About 

5 34 


Gaga. -One sharp shock ; no damage. 


- 



A bout 

5 34 


Muzaffarpur. -One sharp shock; no loss of 
life or ilamage to property reported. 


- 



About 

5 34 


Patna. -One sharp shock ; no loss of life 
or damage to property. 


- 



A bout 

6 34 


Purnea. One sharp shock; no loss of life 
or damage U) property. 


” 



About 

6 34 


Siligari.— One sharp shock; no loss of life 
or damage to property, excepting slight 
damage to a private residence. 



• 

• 

About 

5 34 

.. 

Siwan, Saran district. -One sharp shock ; no 
<iamage or loss of life reportea. 
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Table 10. 

Aftershocks recorded at Alipore. 

(In the case of many of the shocks mentioned in this statement, subsequent to 
March 1935, it is not definitely known whether they were of Bihar origin.) 


Date. 

Calcutta 
time of 
beginning 
of shook. 

Epicentral 

distance 

(miles). 

Intensity. 

Remarks. 


H. 

M. 




1934 






January 15 

20 

17 

200 

Tremor 



20 

48 

200 




20 

57 

200 

>> 



21 

34 

200 




21 

42 

200 

n 



23 

16 

200 




23 

58 

200 



January 16 . 

01 

43 

200 

»» 



02 

21 

200 

1 



02 

24 

200 

»» 



03 

02 

200 




03 

28 

200 

1 



04 

17 

200 


- 


08 

54 

200 

>» 



10 

54 

250 

Moderate 

Felt also in North 
Bihar. 


20 

36 

250 

Tremor 



21 

58 

200 

Slight 


January 17 

08 

39 

200 




09 

05 

200 




09 

43 

200 
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Tablb 10 — oontrf. 


Date. 

Calcutta 
time of 
beginning 
of shook. 

Epicentral 

distance 

(miles). 

Intensity. 

Remarks. 

1934 

January 17 

H. M. 

09 47 

200 

Tremor 



12 24 

200 

>> 



13 00 

200 

»> 



14 30 

200 

»» 


January 18 

00 30 

200 

9 * 



01 23 

200 

99 



02 39 

200 

9 9 



03 14 

200 

99 



03 57 

200 

»» 



05 11 

200 

»» 



10 41 

200 

99 



17 13 

200 

99 



19 05 

200 

99 



21 49 

200 

99 


Jannaiy 19 . 

18 50 

296 

Strong 


Junuaiy 20 

00 44 

250 

Moderate 

Felt in North Bihar. 

January 21 

08 27 

250 

Slight 



12 45 

250 

99 



20 52 

250 

99 


January 22 , 

01 44 

260 

99 


January 23 

11 19 

260 

99 


January 24 

12 66 

260 

99 


January 26 

05 63 

250 

99 


January 31 

05 00 

260 

9 * 


February 4 

18 44 

260 

99 

Felt in North Bihar. 
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bihar-nepal earthquake of 1934 , 
Table 10 — contd . 


Date. 

Calcutta 
time of 
beginning 
of shook. 

Epicentral 

distance 

(miles). 

Intensity. 

Reraafks. 

1934 



H. 

M. 




February 8 



20 

36 

260 

Slight 


February 11 



20 

47 


♦» 


February 12 



09 

62 




February 17 



08 

45 




February 18 



18 

65 

400 

»» 


February 24 



21 

18 


>» 


March 20 



08 

54 

350 

♦» 


April 9 . 



02 

47 

220 

>» 


April 13 , 



10 

33 

2(X) 



April 14 . 



04 

58 

300 

” 


April 20 . 



05 

38 

150 



June 2 



01 

20 

200 






11 

49 

400 

Moderate 

1 


June 17 . 



02 

07 

250 

Slight 


June 18 . 



17 

47 

350 

if 

Felt at Mu'/altirpiii' 


1 





etc. 

J uly 1 v5 . 



08 

00 

300 

- 


August 24 



13 

07 

330 



August 29 



09 

37 

210 

ff 

Felt in North liih^ 
and Daijet liug. 

September 23 



14 

45 

200 

- 


October 22 



01 

03 

300 

9 » 





07 


350 

99 


November 2 



21 

14 

350 

99 


November 3 



12 

42 

300 

99 





19 

27 

300 

Tremor 
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Table 10 — condd. 


Datt3. 

Calcutta 
time of 
beginning 
of shock. 

Kpicontral 

distance 

(miles). 

Intensity. 

Remaj'lvs. 

1934 

H. M. 




^Ovoinborl 

08 05 

300 

Tremor 


X(vv('mbor 23 . 

15 33 

250 

Slight 


Dccojnbor 18 . 

04 05 

300 

»» 


1935 





.liUluary 12 

03 10 

•• 

Tremor 



09 58 

225 

Slight 

I 

Maroli 1 . 

22 12 

330 



March 21 

05 57 

190 

Tremor 

Kelt at Calcutta and 
at many places 
in Bengal. 

April 18 . . . 

20 54 

350 

Slight 


M.iy 21 . 

10 17 

410 



M,.y2:{ . 

20 22 

160 

>> 


•July 4. . 

08 43 

340 

5» 

Kelt at Dmajpiir, Dar- 
jeeling and in 

Bihar. 

August 24 

00 29 

280 

ty 

Kelt in Bihar. 

8i'j>tcfnbcr 5 . 

18 30 

310 

»» 

Kelt in North 

Bengal. 

October 20 . 

14 34 

300 

>> 


November IH . 

00 09 

380 

yy 


November 26 

06 30 

350 

»» 

1 

1 

1 

1 
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Table 11. 

Aftershocks recorded at the Agra Observatory. 

( This list includes all those shocks which have been considered as aftershocks of 
the Bihar earthquake, as judged from the distance of origin of the shocks 
and from the character of the records, the actual epicentres being undeier. 
mined at Agra.) 


Date. 

G. M. Time 
(Beginning 
of shock). 

Epicentral 
distance 
in Kms. 


H. M. 


1934 



January 15 

14 30 

— 


14 64 

845 


16 03 

820 


15 21 

810 


16 27 

— 


16 47 

846 


IG 14 

— 


16 20 

— 


17 22 

— • 


18 04 

820 


19 49 

— 


20 27 

810 


20 31 

846 


21 08 

— 


21 34 

820 


22 23 

— 


23 26 

— 

January 16 . 

00 27 

— 


02 00 

— 


03 00 

, — - 
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Tablb 11 — contd. 


Date. 

G. M. Time 
(Beginning 
of shook). 

Kpicentral 
distance 
in Kms. 








H, M. 




1934 







January 16 . 

• 

• 

% 

• 

• 

• 

03 19 

820 








04 64 

— 








05 00 

810 

January 17 . 

• 

• 


• 

• 

• 

06 33 

790 








07 05 

800 








18 37 

820 

January 19 . 

• 

• 

• 




18 51 

830 

January 21 . 

• 

• 





06 63 

780 

February 2 . 


• 

• 




19 51 

— 








12 20 

780 

February 4 . 

• 

• 

* 




12 52 

— 

February 10 

• 

• 

• 




04 47 

855 

• 







22 57 

780 

February 12 • 

• 

• • 

• 




03 68 

900 

February 17 

• 

• 





02 63 

855 

April 8 


. 





20 54 

— 

April 13 


. 





23 05 

855 

August 29 . 

. 

. 





03 44 

755 

Bocember 17 

• 

• 





23 14 

— 



1936 







April 16 

• 

4 • 

. 

• 

. 

. 

00 43 

- 

August 23 , 

• 

• « 

• 

• 

• 

• 

18 37 

846 
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Table 12. 

Aftershocks recorded at the Colaha Observatory, Bombay. 


(Only nine aftershocks were recorded at Colaba in 1934 ; none were registered 

in 1935.) 


Date. 

G. IVT. Time 
(Beginning 
of Mhoek). 

PorioJ 

(iSccoufls). 

Kpicontral 

(li.stano(3 

(Ktuh.). 

Intensity. 

1934 

H. 

M. 


j 


January IC 

05 

02 

3 

144r> 

Slight. 

19 . 

18 

53 

3 

1011 

Slight. 

21 . 

00 

50 

■— 

— 

Slight. 


19 

55 

— 

— 

Slight. 

February 10 . 

04 

50 



Slight. 

12 . 

04 

00 

— 

— 

Slight. 

April 8 . 

20 

59 

1 


Feeble. 

J3 . 

22 

45 

— 

— 

Very feoblo. 

August 29 

03 

48 

-> 

— 

Kcoblo. Beginning 

doubtful. 


In view of the paucity of local information an attempt was 
made to compile a list of aftershocks in Bihar and their epicentres 
from the instrumoTital data of the scismographic stations at Bombay, 
Agra, Dehra Dun and Calcutta. Information was sought from 
these records as to which parts of Bihar were more affected than 
others by aftershocks, and whether such shocks occurred in clusters. 
After discussion with Dr, S. K. Banerjee and Dr. S. 0. Roy it was 
found that no such information was deducible from the available 
seismograph ic records, because the various components of only 
two of the aftershocks have been fully recorded ; the seismologioal 
data is incomplete for the remainder. 
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Discussion. 

Examination of the original seismographs from the Bombay, 
\crra and Alipore Observatories by Dr. Roy and the pre.sent writer 
shows that essential data for fixing the epicentres even approxi- 
mately are lacking. In some cases the direction of the shock is 
not established with certainty and it is doubtful if some of 
those listed in the tables originated in Bihar. On examination 
,)f Tables 11 and 12 some coincidence between the aftersliocks, 
•uouped below, and recorded at Agra and Colaba, is apparent:, 
and one would imagine it possible to locate their approximate 
epicentres in Bihar : — 


Date. 


Agra 

Observatory. 

Colaba 

Observatory. 

January 16th • 


6*00 

5*02 

19th . 


. 18*51 

18*63 

21st . 


6*63 

6*66 

2l3t . 


19-51 

19*65 

February lOth . 


4*47 

4*50 

12th . 


3*58 

4*00 

April 8th 


20*54 

20-69 

13th 


23*03 

22*45 

August 29th 


3*44 

3*48 


Very imperfect 


Neither the Alipore nor the Debra Dun seismographs, however, 
have recorded any of those shocks and one or two observed at Dehra 
Jhm on these dates arc not found in the above lists. Some of the 
records, moreover, are very incomplete and afford no data for 
calculating the distance of origin. Hence their use in deducing 
e|hccntres in Bihar would be doubtful. The only two major after- 
shocks which are fully recorded arc those of 16th and lOtli .Janu- 
ary ; Dr. Roy has been able to calculate their epicentres satisfac- 
torily. The equally severe shock of 29th August, 1934, at about 
•l-iO a. in., though sharply felt at numerous Bihar stations, Dar- 
jeeling and at Alipore, is not registered by the Agra or the Colaba 
seismographs. 

A comparison of the columns of ‘ cpiccntral distances ’ in Tables 
10 and 11 seems to suggest a migration of the centre of aftershock 
■iclivity further away from Alipore. Up to February 8th the 
distances of shocks from Alipore ranged from 200 to 250 miles ; 
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in the next four months the distance increased to 300 to 400 miles. 
Thus between January 16th and June 2ud the maximum increase 
of the distance from Alipore is 200 miles. The calculated epicen- 
tres of subsequent shocks vary haphazardly during the next four 
months. Within the same interval of time the Agra records show 
variations of the epiccntral distances, from 556 miles to 490 miles, 
suggesting no migration of the epicentres. 

The most important fact emerging from a review of the subject 
is that the total number of aftershocks, and their frequency duriiin 
the first few days following tlie Bihar earthquake, is in marked 
contrast with the Assam (1897) and Kangra (1906) disturbances, 
which were followed by an extraordinary number of subsidiary 
shocks. Oldham mentions the case of the Bordwar Tea Estate 
in the former area where, for a week after the great shock, the 
surface of a glass of water standing on a table remained in a cons- 
tant state of tremor, and at Tura a hanging lamp was constantly 
swinging for three or four days. At Shillong, a record made on ;> 
night seven days after the earthquake showed thirty -three distinct 
sensible shocks in four and a half hours. In Kangra their freqm'ncy 
was considerably less but in some tyfiical localities within the 
the epicentre Middlemiss states that an average of thirty shocks 
in sixteen hours, or one every thirty minutes, occurred on the first 
day of the earthquake. In spite of the absence of any deliberately 
kept records following the Bihar earthquake, the general experi- 
ence of the people is that the main shock was not followed by a train 
of aftershocks comparable in frequency with the above two cases 
and that perceptible tremors were not frequent during the litsl 
day, or week, or month. This was also the experience of those Geo- 
logical Survey officers who toured the epicentral area for a period 
of three months from the first week after the disaster. In view 
of the size of the epicentre this small number of aftershocks is 
remarkable, and may possess significance in discussions of tlm 
differences in tectonics and geological constitution between tk' 
Gangetic Plains, the Assam Plateau and the Sub-Himalayas. 

It is generally supposed that these subsidiary tremors are canscii 
by the continuation of those same forces which brought about 
the first shock and also by the faulted rock masses becoming 
justed to positions of greater stability. In the Bihar area, witli 
its deep mantle of soft inelastic alluvium, the more feeble tremors 
were presumably damped or smothered before they reached tko 
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surface. In Assam and Kangra, on the other hand, the faulted 
rock-masses were exposed more or less at the surface, without 
any appreciable thick cover of sub-Recent unconsolidated deposits 
and the vibrations were transmitted to the surface without 
any damping. The above statements may sound contradictory 
to the usual experience that, in severe earthquakes, tlie most vio- 
lently shaken and damaged areas are those situated on alluvial 
ground or on loosely consolidated rocks. The contradiction is, 
liowever, not real. If the initial shock exceeds a certain inten- 
sity, the period of the earth-wave motion and the natural period 
of ground vibration may coincide and the amplitude of oscillation 
of the ground may thus be greatly intensified ; if the surface 
rocks are loosely aggregated this coincidence may produce a 
disastrous rocking of the ground. In an aftershock the 
amplitude and period of earth-waves are usually inconsiderable 
and are much more feeble than the range and natural period of 
ground vibration, there is therefore no chance of the former re- 
inforcing the latter ; on the contrary the two may tend to oppose 
with the result that the impulse is smothered. Dr. Dunn does not 
agree with this explanation, particularly with the last statement, 
but favours the alternative below. 

A second explanation of the relatively small number of after- 
shocks in the Bihar region is, perhaps, that relief to strain was 
almost complete as a result of the principal quake. Stability 
having been obtained in this one great initial movement, further 
adjustments, with their attendant shocks, were almost nil. 

The records of great historic earthquakes show that aftershocks 
are especially numerous following those earthquakes which have 
originated by movement along faults. They were especially numer- 
ous in the earthquakes of Mino-Owari (1891), Kagashima (1898), 
Messina (1908), ’Kangra (1905) and Assam (1897), where the crustal 
movements also produced visible surface faults with both vertical 
and horizontal displacements. On the other hand a few other 
earthquakes, also located along fault-lines, such as that of 
(•alifornia (1906) were attended by only a -few aftershocks. 
In Bihar, apart from the faulting in the alluvium due to 
slumping, any faulting in the underlying bed-rock is obscured 
by the alluvium. 

Such occasional strong shocks as have been perceptible in Bihar 
without any instrumental aid and which have been reported in the 
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newspapers, possess a tectonic significance. These tremors, ori- 
ginating from many irregularly and widely dispersed centres, from 
Bettiah in the west to Sal ana, Assam, in the east, and persisting 
for a period of at least twenty months after the main shock, 

might suggest that the Bihar earthquake originated along several 

branching faults beneath the Gangetic valley. Montessus de Bal- 
lore believes that the epicentres of the numerous aftershocks of the 
Assam earthquake give an accurate representation of the normal 
seismic instability of that province and define the boundary of the 
seismic disturbance of 1897. He believes that the various faults 
which came into existence as the effects of the earthquake have a 
direct connection with the causes of the aftershocks. He thinks, 
however, that the epicentres of these various aftershocks are related 
not to the main crustal movement along a thrustplane, which 
was the cause of the initial earthquake (a movement of coju- 

pression from north to south), but to the secondary faults which 

^vero induced by that movement, or to already existing faults.’^ 

With regard to the distribution of the aftershocks, we are un- 
able to trace any relationship between frequency of aftershock's 
and any one of the three tracts of maximum intensity of earth- 
quake damage in Bihar aud Nepal. The brief reports from the 
Nepal valley merely remark that 28 shocks occurred in the first 
six days aud 65 shocks dui-ing the subsequent nine months, lie- 
ports from the Sitaraarhi-Madhubani area and the Patna-Monghyr l)eU 
are equally vague. From these and other reports there is no sugges- 
tion of migration of the aftershock epicentres in the direction of 
the principal belts of the main earthquake. Tlie aftershocks recorded 
over a pe.riod of three years following the Assam earthquake of 
1897 also show a decidedly haphazard arrangement, and no de- 
finite line of progression of the centre of instability is discernible. 

Has the seismic activity following the earthquake of January 
1931 now disappeared from the Bihar area (November 1936) or 
does it still persist ? The graph, fig. 10, kindly supplied by 


I III hia original memoir on the Assam earthquake, Oldham ascribed the pheiio- 
mono 1 to eruatal movomant along a nearly horizontal thrust-piano, accompanied bv 
iiumaroui smiUer surface faults. In a subsequent .study of the same earthquake, pidi- 
lisiied 27 years later, Oldham suggested an altogether now hypothesis of the origin of 
the groat 'arthqu ik.i. Ho postulated a doop-scated, abrupt change of a dense magn'ii 
into a m igraa of the same composition but of greater volume (bathysoism) as the f unda- 
ms ital cause of earthquakes. Ho thinks that faults accompanying earthquakes arc 
merely a superficial effect of the deep-seated magmatic origin of earthquakes. VVitii 
this view the authors of tho present memoir are unable to agree. 
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Dr. S. C. Roy ftom readings of the Milne-Shaw seismograph at the 
\lipore Observatory, provides a basis for roughly estimating the 
total frequency of the aftershocks of a certain degree of intensity. 
It indicates the decline in monthly frequency of those aftershocks 
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Fro. 10.— Monthly frequency of aftershock.*) recorded by the Milne-Shaw seismo- 
graph, Alipore. 

which were strong enough to be recorded by an instrument 300 
to 400 miles from Bihar. Probably a number of minor shocks 
were unregistered at Alipore, although they were strong enough 
to be distinctly perceptible to the local inhabitants and were report- 
rid in the following day’s newspapers. However, recognising the 
limitations of the instrumental record, the decline is very rapid 
and most marked in the first month. This fact is indicated also 
liy the list given in Table 9, where the recorded aftershocks for 
the first month are nearly 200 whilst those for the 15th February 
to 15th March are only 16. This decline is maintained, though not 
uniformly, through the subsequent months, wliicli show but few 
marked recrudescences. 

The graph tends to support the view that the sho('.k of January 
inth relieved the strain more or leas completely. An alterna- 
tive ladief is that a large number of the aftershocks have been 
damped, or completely absorbed, by the thick alluvial mantle of 
the Gangetic plains. 



CHAPTER VII. 


THE 1833 AND OTHER SHOCKS IN BIHAR AND NEPAL. 


(J. A. Dunn and J. B. Auden.) 

Eecords of the Indian earthquakes of the past show that con- 
siderable portions of Northern India Lave from time to time been 
subject to earthquake shocks. Mallet’s Earthquake Catalogue of 
the British Asvsociation mentions a ^ violent earthquake ’ which 
took place between 6-30 to 6 p.m. on August 26, 1833, ‘ all over 
tfie centre and east of northern India, especially Nepaul The 
sliock was felt in Calcutta, Agra, Ijucknow, Tirhoot, Purnca, Patna, 
Buxar, Allahabad, Monghyr, Katmandu, etc., and also at Lassa 
(Lhasa). It appears that the shock was fairly violent and lasted 
from a few seconds up to a minute and that it extended over ap- 
proximately the same area as the 1934 earthquake. No note- 
worthy record of any damage in Bihar is given therein but at 
Tirhoot (probably Muzaflfarpur) water was thrown out of tanks 
4 feet deep, at Chapra, a chasm of considerable size was said to 
have been formed in the earth and at Monghyr, Eangpur, Muzaffar- 
pur, Mallai, and other places many houses were destroyed or damaged, 
[ind the alarm vras great. 

An accurate account of the earthquake as it affected Katmandu 
was given by the Assistant Surgeon, A. Campbell (1833, pp. 438, 
564, 636). It is clear that the earthquake of 1833 was not so 
intense* as the recent one. Only 414 people were killed in the 
N(‘pal valley, compared with the 3,400 who perished in 1934. Tin* 
Valley was not so populated a century ago, but, allowing for this, 
the percentage mortality was certainly less. 

The important point is that the forms of the isoseismal lines 
of the two earthquakes in Nepal must have been approximately 
coincident, even tliough tliose of the 1833 earthquake may not 
have been so l)igh on the Mercalli scale. Bhatgaoii suffered the 
worst damage in 1833, with a loss of 2,000 houses (42 per cent.). 
Kliokna, a small village, was bkewise severely damaged, with 
collapse of 130 houses ; Patan and Katmandu were equally affected, 
in both eartliquakes less so than Bhatgaon. Swayambunath, Kirtb 
pur and Gokarna escaped with slight damage, 

( 116 ) 
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Aftershocks were recorded during the 16 days that followed. 
On October 4th of the same year another violent shock, lasting 

for half minute, was felt at Katmandu, Monghyr and Allahabad. 
Another shock occuiTed on October 18th at Katmandu, Goruckpur 
j(^^riikpur) and Allahabad and several were f(‘lt at Katnuindii on 
October 26th, November 8th, 16th and 26th, the last one being 

severe. 

The direction of the main shock of 1833 is variously stated. 

>\t Tirhoot the motion was said to have been from east to west ; 
at Buxar from north to south ; at Patna apparently east to west ; 
at Cah'Utta north-east to south-west ; at Katmandu apparently 
(•ast to west. At most of the places, the eartli was in almost 

{•ontinuoiis agitation for 24 hours. 

AVith regard to Monghyr, Lieut. Baird Smith may be quoted 
(1843, p. 1039*) 

‘ It Ib a remarkable fact, that Monghyr seems to suffer more from earthquake 
hliockH, from whatever direction these may come, than any other place in its vic- 
inity. This was observed during the shock from the lateral Himalayan tract, of 
the 20th August 1833, again during that of the 11th November 1842, and I would 
say from the information before me, that on the present occasion, the shocks were 
amaiter at Monghyr than at any other spot.’ 

The latter shock was sufficiently strong to overthrow a portion 
of the fort wall at Monghyr. 

Of recent years such earthquakes as that of 1897 in Assain 
and the occasional minor shocks up to the Dhubri eartlupiake 
of 1930, have all been felt in many of the towns in eastern Bihar. 
(VrOiin towns have felt these shocks more severely than others 
uliicli may be even closer to the epicentre. For example Mongliyr 
iuid Jamalpur have always been more afEect(‘d tlian such neigh- 
houriiig towns as Bhagalpur or towns to the north and south, and 
th( shocks has been more noticeable in Pnrnea than in the adjacent 
towns of Katihar or Kishanganj. 

There is no doubt that the area in Bihar and Nepal enclosed 
hy isoseismal VIII has been one of seismic activity, altlioiigh of 
loss frequency than Assam. 



CHAPTER VIII. 


GEOLOGY AND STRUCTURE OF NORTHERN INDIA * 

(D. N. Wadia and J. B. Auden.) 

The Tertiary history of the Himalayan region. 

A striking feature of India, and one which has probably l>oon 
appreciated from earliest times, is the division of the country itito 
three units 

Himalaya 

Indo-Gangetic alluvium 
Peninsula 

The epicentral area of the Bihar-Nepal earthquake lies on the 
Gangetic alluvium, but as all three units were affected by llio 
earthquake it is proposed in this chapter to give an account of 
manner in which this present day configuration has arisiui. 

During the Paleozoic and Mesozoic periods India vvavS ])ait 
of the Gondwana continental system which included South America. 
South Africa and Australia. Three explanations of the structure 
and break up of Gondwaualand have been advanced : that it wa; 
a vast continent covering much of the- Southern Hemispheri' a ini 
later broken up by the submergefice of large sections below sta 
level ; that the individual present day continents were comen tod 
by isthmuses whicli have since become submerged ; and that tlie 
four main eountries were originally in juxtaposition but have sinoo 
(li'iflo'd apart. VVe are not, in this chapter, eoncerned with tim 
areal extent of this old contincait ; it suffices to remark that tin* 
Indian portion of Gondw'analancl extended noriliwards beyond tlio 
Indo-Gangetic alluviuin and included wdiat is now^ the Iliinalaya, 
The glacial tillite of Upper Carboniferous age which occurs at 
base of most of the Indian coalfields and in the Salt Range is pro 
bably represented by a boulder b(*(l at i^aehi (28"^ 01' : 88 It') 

in noi ill-east Sikkim (Auden, 1035, pp. 151, 151), by the rdaiii 
houkler bed of the Simla-Mu.ssoorie-Garhwal hills (Oldham, 
p. Til; Pilgrim and West, 1928, p. 5; Auden, 1931, p. 419) sii'l 
tlie Tanakki boulder bed f)f Hazara (Wadia, 1929, p. b‘''- 

^ TJie coHlciUts of chayiters 8 and 0 wore written in August lOaO, independuidv of 
the l^re.^^iiluntial Address of Mr. W. 1>- West fSection of Geology and 
entitled “ H^arlliquakes in India ” at the 24th Indian Science Congress, 1937. 

( 118 ) 
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Coal-bearing Gondwanas are found in the Darjeeling- Assam Himalaya 
and at the confluence of the Arun and Tamur rivers in Nepal. 
Gondwana rocks are also well developed in \Vest("rn Kashmir 
(Wadia, 1934, p. 150). 

To the nortli of the Gondwana lari<l-mass lay (Ije Tethys geo- 
syucline in which an almost uninterrupted siuM^ession of fossili- 
ferous rocks was depositt^d from the early Paheozoic up to the 
late Mesozoic period. A subsidiary geosymdine probably occurred 
between the main Tethys geosyncline and the Gondwana conti- 
nent, and is represented by the Krol zone of Auden. 

Beyond the Tethys ocean occurred another continental mass, 
Angaraland. Gondwanalatid and Angaraland gradually approached 
each other and this, together with downwarping of the crust in 
the intervening ocean, permitted the accumulation of a great thick- 
ness of sediments in the Tethys. Towards the end of the Mesozoic 
downwarping ceased ; with continued sedimentation tlie sea had 
shrunk, by the beginning of the Tertijiry era, to such an extent 
that there was left only a small gulf which was chased to t,he south- 
east near Naini Tal and included the area lying between Naini 
Tal, Dehra Dun, the Zanskar range and Ladakli. It was believed 
by Pascoe (1919, p. 135) that the Zanskar and Ladakh Niimnmlitics 
were deposited in a separate gulf from those of the, Naitii Tal - 
Simla, Dehra Dun and Naini Tal area, but recent work l)y Pilgrim, 
Wadia, West and Auden has showm the wide spread f)ccnrrence 
of Numrnulitics in the area from which they were formerly thought 
to be absent (Wadia, 1928, p. 196). The assumption of a single 
gulf seems preferable, as had indeed been suggested by Pilgrim 
(1919, p. 94) A Elevation of the former Tethys zone continued, 
driving the Eocene sea towards the Arabian ocean. It w'as not 
at first, however, pronounced (mougb to result in any marked 
erosion of the young Himalayan region, aufl it is probable, as 
Pilgrim has vsuggested (1919, p. 94), that the Miirree rocks (lower 
Miocene) were laid down by rivers draining from the ]^‘n insula 
rather than from the embryo Himalaya. It was probably just 
aft^er the deposition of the Murrees (i.e., shout Helvetian) that 
the major Himalayan earth moveinents took place involving ex- 
tensive thrusting, since nowhere in the windows exposed in these 
thrusts is there any trace of rocks younger than the Murrees. 

^ 1^* M. Davios considers that the Upper Ranikot sea extended from liaghdad to 
the vicinity of Lhasa. Natvre 141, p. 202, (1938). 

K 
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In the latter part of the Mesozoic the Rajmahal lava flows were 
extruderl near the northern edge of the Gondwana continent, whilst 
at the end of the Cretaceous and during the Eocene vast sheets 
of lava covered 200,000 square miles of peninsular India, and ap- 
peared also over a wide belt in the Himalayan region of North 
Kashmir (Wadia, 1934, p. 419) and Ladakh (Lydekker, 1883). 

By the beginning of the Siwalik period (upper Miocene), the 
Eocene gulf was completely driven out and the elevation of the 
Himalaya as a range commenced. Increasing stream activity u])on 
the steepening gradients resulted in strong erosion of the young 
Himalaya, and the concomitant accumulation of thick depo8it.s 
along its southern flank. A region that formerly belonged to the 
Gondwana continent now became downwarped into a young gco- 
syncline well to the south of the Tethys and Krol geosynclines 
which had given birth to the Himalayan range. 

Th.e Siwalik deposits were almost exclusively derived from the 
actively eroding Himalaya. The most striking feature in these 
deposits is the great thickness of boulder-conglomeratcs at the 
top of the series, which reaches a total of 5,000 feet in the north- 
west Punjab. To the south-east all the Siwalik stages thin out 
and boulder conglomerates become less conspicuous, the pebbles 
being smaller and more scattered throughout the sand-rock. 

Considerable speculation has arisen as to the mode of deposi- 
tion of these boulder-conglomerates. Medlicott was struck by their 
peculiar abundance at places where the modern Himalayan rivers 
cross the Siwalik outcrop and he considered therefore that the 
beds were formed by Pleistocene rivers debouching from the Hima- 
laya along approximately the same courses as the modern rivers 
(Medlicott, 1864, p. 119), 

In 1919 Pascoc (1919, p. 136) and Pilgrim (1919, p. 80) almost 
simultaneously brought forward the hypothesis that the Siwaliks 
were laid down by a great river, rising in the Abor-Mishmi area 
of Assam and flowing north-westwards into the Punjab. The river 
was called the Siwalik river by Pilgrim and the Imiobrahm by 
Pascoe. Pascoe also assumed that another river flowed westwards 
along the north side of the Himalayan chain, along the present 
Sutlej -Tsangpo alignment. 

Neither Pascoe nor Pilgrim much favoured the idea put for- 
ward by Medlicott that the boulder-conglomerates were laid down 
by a system of southward flowing consequent streams from the 
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lising Himalayan chain. Both were impressed by the continuity 
of Ibe Siwaliks from the Punjab into Assam and by the fact that 
tbe boulder-ccnglomerates are not confined to the vicinity of the 
debouchures, but are often well developed in the Siwalik outcrop 
between the rivers. Pilgrim (p. 88) was, however, willing to allow 
that northern tributaries were instrumental in supplying some of 
tbe boulders. He believed that the special abundance of con- 
glomerates in the Punjab was due to the blocking of the Siwalik 
river by elevation in the Kashmir- Jammu area. 

It is probable that no one explanation will account for these 
conglomerates and that a combination of factors led to the deposi- 
tion of the upper Siwaliks : — 

(] ) elevation of the Himalaya ; 

(2) increased precipitation and active erosion by consequent 

streams ; 

(3) redistribution of boulders from these consequents by a 

river flowing along the downwarped southern border of 

the mountain chain. 

The Siwalik boulder conglomerates give place insensibly to the 
older Gaugetic alluvium (Bhangar). Where the Siwalik rocks are 
lying horizontally or with low dips it is often very difficult to dis- 
tinguish them from the more recent gravels. Along certain zones, 
however, folding has caused the tilting of the Siwaliks into vertical 
iind even inverted positions. In such cases the later gravels may 
be seen to rest with a profound but quite local unconformity upon 
the up-ended Siwahks.^ 

Summarising the geological structure of northern India wo have 
the following main units from north to south : — 

(1) the zone of mainly pre-Tertiary rocks of the lower and 

greater Himalaya in which thrusting is on a colossal 

scale ; 

(2) the zone of visible mid-Tertiary and Siwalik rocks, with 

considerable folding and faulting ; 

(3) the alluvial zone of the Gangetic trough which conceals 

both Siwaliks and peninsular rocks ; 

(4) the Peninsida. 

* Recent work by Do Terra would suggest that the fans of Siwalik boulder con- 
gioniGratcs in northern India merge into ground moraines derived from ono of the ico 
adv^ances during the Pleistocene ice age [De Terra: Proc. Arriu Phil. Soc.j LXXVI, 

T Voi. 137, p. 680, (1936)], a fact which lends support to La 

ouche’s idea of increased precipitation during this period [La Touche : OeoLy Mag,y 

p. 193, (1910)]. 

K 2 
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The structure of the Himalayan region. 

After this brief historical survey, it is necessary to discuss the 
inter-relationships of the various units just enumerated. The dis- 
cus->ion ruay be conveniently divided into the following sections 

(1) Thrusts within the Himalaya and bounding the pre-Ter- 

tiary and Nummulitic rocks from the post-Numinulitic. 

(2) Thrusts and folding within the Siwalik zone. 

(3) The Siwalik-alluviuin boundary. 

(4) The Indo-Gangetic trough and the evidence of folding and 

faulting at its floor. 

(5) Evidence of recent instability. 

(6) The sub-alluvial boundary between the Siwaliks and tJic 

basement of peninsular rocks. 

(1) Thrusts within the Himalaya and hounhing the PRE-TERrtARv 

AND NuMMULITICS FROM THE POS'l'-NuMMUElTICS. 

The thrusts under this heading in;i.y he divided into those whirb 
cause displacements between rocks entirely of pre-Tertiary age, and 
those which involve the Tertiaries. 

Medlicott long ago (1804, pp. 92, 94, 102; Oldham, 1893, p. 319) 
recognised the faulted relationship belAveen the pre-Tertiaries and 
the Tertiaries. The term ‘ main boundary fault ’ was used by 
Medlicott to define the boundary plane between the Sirtnur scries 
(Nummulitic and Murree) and the Nahan or lower iSiwaliks. Tin'- 
tectonic signilicance of these faults is still a subject of discussion 
(Auden, 1934, ji. 446). Medlicott’s idea of cliff faces only slightly 
inodifled by subsequent faulting is certainly untenable. It is 
quite certain that some of the faults are inclined at gentle angles 
towards the north and imply translation of rock masses for very 
great distances. It also seems that the faults do not in ev<'ry 
case mark the boundary of deposition of the Siwalik rocks to the 
north-east. 

The, Krol thrust has been traced from near Subathu to Delirn 
Dun. From Dchra onwards to the south-east it is obscured by 
alluvium, except for windows of the thrust within the mountains. 
The thrust undoubtedly joins up with the main boundary fault of 
Middlemiss east of the Gauges which has been traced to the Nepal 
frontier. That movement along this thrust has been of goat 
dimensions is shown by the occurrence of windows of Nummulitic 
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rocks below the thrust both at Solon, on the Kalka-Simla railway, 
and near Narendranagar, the new capital of Tehri Garhwal State. 
Considering solely the evidence of these windows the minimntn 
niovement in a horizontal sense is about 5 miles. Auden believes, 
however, that the thrust plane crops out on the north limb of the 
Mussoorie syncline from Sayasu, on the Tons river, down to the 
western slopes of the Bhagirathi valley near Tehri. The minimum 
displacement in this case would be 20 miles (Auden, 1934, Plate 24, 
fig. 2 : 1937, Plate 36). 

The same thrust as the Krol thrust and the main boundary 
fault of Middlemiss has been seen in Nepal near south-west of 
Katmandu and just north of Udaipur (Jarhi (Auden, 1935, pp. 144, 
MO). This thrust clearly continues eastwards into the Darjeeling 
urea and is the plane dividing the G'ondwana rocks of Darjeeling 
Croiu the underlying Siwaliks. 

Only brief mention need be made of the tliruste situated within 
(he Himalaya and involving pre-Tertiary rocks. 

Wadia has traced two concurrent, more or less parallel, tlirusts 
(Panjal thrusts) along the foot of the I’ir Paujal range from eastern 
Hazara, round the syntaxial bend of the North-west Himalaya to 
as far south-east as Dalhousie. The first of these has thrust the 
Miirrces underneath the Eocene and older fossiliferous rocks, while 
the iutiet thrust has pushed the Ar<;hean and pre-CamJrrian sedi- 
ini'iits over the latter (Wadia, 1931, p. 189). 

In the Simla Hills, Pilgrim and W'est (J928) and West alone 
ill recent years (1935, p. 74 ; 1936, p, 72 ; 1937, p. 79) have shown 
the existence of several thrusts which involve translation of tec- 
tonic units over great distances. 

Between the Jumna river and Gungti hill (29° 46' : 78° 55') 
Auden (1937, p. 421) has shown the existence of the Garhwal nappe, 
based upon the Garhwal thrust, which he considers possibly to root 
in the main Himalayan range. The displacement along this 
(hrust-plane may be 50 miles. 

The possible equivalent of the Garhwal thrust in Nepal and 
Darjeeling is the thrust which has caused the superposition of the 
Balings and Darjeeling gneiss upon the Gondwana rocks ol that 
area (Auden, 1935, p. 144). The Dalings strongly resemble the 
locks of the Garhwal nappe. 

The chief difficulty with which we are confronted is the ques- 
tion ol the age of these thrusts. Near Shali (31° 12' : 77° 17'), 
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Solon (30° 65' : 77° 07') and Narendranagar (30° 10' ; 78° 17') 
Numniulitics and Dagshai rocks occur as windows below the thrusts. 
The movements are therefore post-Dagshai (post-Burdigalian). Since 
no Siwalik rocks are found in the windows, it might be assumed 
that the thrust movements took place after the Burdigalian but 
before the Siwaliks had time to be deposited there. This would 
make the movement about Helvetian in age. If, however, as is 
probable, the Siwaliks never extended so far to the north-east, 
this argument fails, since it is possible to imagine the thrusting 
as having occurred a considerable time after the Nummulitics and 
Dagshais had been laid down while Siwaliks were being deposited 
elsewhere. The main boundary fault may be regarded as a 
boundary north-east of which the Siwaliks were, in general, never laid 
down, though in Poonch outliers of Siwaliks have been maj)|)ed 
north of this boundary. 

That some of the movement along the Krol thrust is dcfinitch^ 
more recent than Helvetian is proved by the frequent juxtaposi- 
tion of pre-Tertiaries upon Nahans between the Jumna and the 
Nepalese frontier. Further, in places even the upper Siwalik con- 
glomerates are involved in overthrust by the pre-Tertiaries. Ten 
miles north-west of Dehra the boulders of these conglomerates are 
so shattered that it is impossible to obtain a hand specimen of 
them. Similar overthrusting occurs at Bilaspur on the Sutlej 
(31° 20' : 76° 45') (Auden, 1934, p. 444). These movements must 
be of lower Pleistocene or even later age. It is difficult to believe 
that the major horizontal movements of the Krol and Garhwal 
nappes over a distance of several miles took place as late as this. 
By lower Pleistocene tinges the rising Himalayan chain must have 
been dissected to such an extent into blocks by deep erosion that 
the upper nappes would have already been worn away into out- 
liers. The formation of these upper nappes can only have taken 
place before erosion had proceeded to such an extent that the out- 
crops of the nappes in the direction of movement had been divided 
off into separate patches, unable to translate the stresses as a unit 
(Auden, 1937, p. 429). Both the Krol and Garhwal nappes have 
been strongly folded in the Simla-Mussoorie region, probably as a 
result of resistance offered by the floor upon which the movement 
was effected. There has since been erosion of these thrusts to give 
rise to the windows and zig-zag outcrops which now occur, and 
it may be accepted that the major part of the movements took 
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place before river dissection had reached its present pronounced 
stage. On the other hand, the post-Siwalik movements along 
these thrusts must have occurred after considerable erosion. We 
are led therefore to assume that there has been more than one 
period of movement, the earlier and stronger movements perhaps 
during the Helvetian, and the later movements during the Siwalik 
and post-Siwalik. 

(2) Movements within the Siwauks. 

The same conclusions drawn from an examination of the Krol 
and Panjal thrusts apply to the movements which book place 
within the Siwaliks. Excellent sections of Siwalik overthrusts are 
provided by Middlemiss for the area between the Ganges and the 
Nepalese frontier. Not only arc the various stages of the Siwaliks 
faulted against each other, but the upper Siwaliks are found in 
places to rest unconformably upon lower Siwaliks, as a result of 
late Pliocene or early Pleistocene movements. Further, the whole 
Siwalik formation has been folded by still later Pleistocene move- 
ments. The Siwalik deposits of the Rawalpindi and Attock dis- 
tricts, aggregating over 16,000 feet in thickness, have lieen folded 
into the Soan geosyncline, occupying the Pot war basin. The 
northern flank of the Soan syncline, consisting of the entire Siwalik 
8C(|nencc, including the lower 3,000 feet of upper Siwaliks, is ridged 
up for many miles into a vertical position, the truncated tops of 
the wall-like strata being unconformably overlapped by tlio higher 
licds of the upper Siwaliks, superposed in turn by gently tilted 
strata of the older alluvium of the Punjab. 

(3) Siwalik-Olber Alluvium boundary. 

Further evidence of very recent movements has been obtained 
by studying the relationship between the Siwaliks and the alluvium. 
Clear evidence of post-Pleistocene orogenic movement has been 
obtained by Pascoe, Wadia and H. M. Lahiri in the course of survey 
work in sub-Himalayan region of the Punjab 

(i) Sir Edwin Pascoe (1920, pp. 396, 397, 451) observed tilted 
iind almost vertical Pleistocene (post-Siwalik) conglomerates between 
Saidpur and Rawalpindi and in one case near Goira he saw these 
conglomerates folded into a syncline perched u])on steeply dipping 
Murrees and Nummulitics. 

(ii) Wadia recorded vertically bedded Pleistocene conglomerates 
Rome thousands of feet in thickness running for many miles along 
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the strike of the north rim of the Scan syncline near Gorakhpur 
(Eawalpindi district). This conglomerate contains fossil mammals 
which according to some authors are of mid-Pleistocene age. The 
tilted conglomerate uiiconfonnably underlies horizontally bedded older 
alluvium at some places while at other places, only a short 
distance away, the relations are apparently quite conformable 
(Wadia, 1928, Plate 9). 

(iii) Lahiri has lately observed SiwaUk strata overthrust on 
horizontally disposed and undisturbed clays and pebble-beds of 
the dun area (Pleistocene) between Kalka and Nalagarh. He has 
also seen upper Siwalik strata faulted against sub-recent or Pleisto- 
cene alluvium in the Suttej valley, Hoshiarpur district, of the 
Punjab (Lahiri, 1935, p. 73 and 1936, p. 78) — figs. 11 and 12. 

S.W. IJ.E 



Ou.1 Douldor beds. Plnjor(Up. SIwallK). Nahan (U. Siwalik) 

Kio, 11. — SectifMi a<‘ro88 Dun, l»etw(3en Nalagarh and Kalka (by H. M. Lahiri). 


S.W. N.E. 



(iv) In the Dehra Dun area Oldham and Auden have found a 
pronounced unconformity between the upper Siwalik conglomerates 
and the overlying Dun gravels. The SiwaUks have been thrown 
into an unsymmetrical syncline, the northern limb of which is 
locally overturned so that the upper Siwalik conglomerates are in- 
verted. Upon these conglomerates rest almost horizontal Dun gravels 
(Oldham, 1893, plate opposite p. 482, and Auden, 1937, plate 37). 
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Only eight miles to the south-west of this zone of unconformity, 
there is probably complete conformity between the Dun gravels 
and the Siwaliks. Exactly similar relations have been observed 
in the centre of the Soau geosyncline (p. 126) the pronouncedly un- 
conformable contact (overlap) of the older alluvium at the rim 
of the syncline is replaced by apparent conformity between the 
upper Siwalik and the older alluvium at the centre of the basin. 
The local folding in both these areas was clearly Plei.itocene if not 
post-Pleistocene in age. Following the folding there has been 
uplift and strong incision of the gravels by streams flowing from 
tlie Mussoorie range. Ravines in the gravels from 400 to GOO 
feet in depth are common. 

The boundary between the Siwaliks and the Gangetic alluvium 
oii the southern side of the iSiwalik range varies from place to place. 
Tlie work of Middlemiss (1890, p. 122) east of the Ganges may 
be quoted ; — 

‘ 'I'bere are not wauting signs tliat the soutliern margin of the hills bus he- 

l oine, or is tending to Ixieome, a reversed fault Taking a defiiviU' portion 

of the country south of the Patli dun (see section V), what bus become? of the 
.southern half of the normal (unsymmetrieal) anticlinal in the sand-rock and Siwalik 
conglomerate, which we may assume by analogy was once present ? T’here is no 
rcaHOTi to suppose it denuded away entirely any more than the northern half ; 
but there is strong reason for Irelieving that, if we accentuate the earth move- 
meuts w'hieh in the gently undulating area of the Kotah dun were nevertheless 
alile to produce so sharp a bending to the south with slight inversion, we, shall 
iiirive, in the more crushed area of the Path dun, to a state, of (s)mpJete inversion 
and production of a fold-fault 

‘I see no escape, therefore from the general conclusion that, wherever the 
.'Southern margin of the Siwaliks shews no relic of a “ dejeJimirut ” to the south, 
it is tjeeauso a fold-fault ha.s supervened along what is now a limit of deposition 
lor the Bhabar zone of gravels, sands and clays.’ 

W, N. W. of Hardwar the Siwalik range is anticlinal in structure 
witli the upper Siwaliks of the south-west limb dipping south- 
west below the alluvium. This alluvium appears to cut un<!on- 
Ibrniably across the upper Siwalik stage on to the middle Siwalik 
stage. Southward dips of the Nahans below the alluvium are 
seen in Nepal in the llae mla, point 20.38 (26^ 60' ; 8G° 2G'). 'The 
alluvium in this area has overlapped folded and eroded Siwaliks, 
and there seems to be no indication of any fold -fault such as Middle- 
)ui.s,s assumed to exist further to the west. The significant point 
is, however, that folding and erosion persisted between the depo- 
sition of the Siwaliks and that of the alluvium. 
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(4) The Gangetic Basin and the folding in its floor. 

The most important geological event, subsequent to the upper 
Siwalik and the glacial epoch, was the filling up, by sub-aerial and 
fluviatile deposits, of the Indo-Gangetic trough, the great down- 
warp lying between the northern edge of the Peninsula and the 
recently built Himalayan chain. This basin is 250 miles wide in 
its broadest part and 1,500 miles long from Sind to the outskirts 
of the Arakan Yoma. Surface features and gravity observations 
indicate that it is deepest in the central Gangetic portion and 
shallows west of Delhi and east of the Rajmahal hills. 

According to general belief this sunken belt, which in pre- 
Eocene times formed part of the peninsular table-land south of 
the Tethys, was developed concomitantly with the elevation of 
the Himalaya and is of the nature of a fore-deep. Continual 
loading of this belt by sedimentation since the first uplift of tlio 
mountains may have accentuated the sinking, but the two pro- 
cesses, sedimentation and depression, have kept pRce and so arose 
the great plains of India. 

We know from the existence, for example, of characteristic 
Gondwana rocks on the northern rim of this alluvial belt, that 
its substratum is an extension of the peninsular rocks, viz., Ar- 
choan gneiss, with areas of Vindhyan and Gondwana sediments. 

Structurally this wide down-warp has been in process of forma- 
tion since the withdrawal of the Himalayan sea of post-Nummulitic 
times. Post-Eocene deposits in the northern half of the trough 
are, for the most part, buried under later Pleistocene alluvium, 
and belong to the Murree series of western Punjab. They arc; 
represented further east by the combined Dagshai and Kasauli 
scries, which are overlain by the enormous system of Siwalik 
deposits, which in turn are succeeded by the Indo-Gangetic alluvium. 
The Murrees are about 8,000 feet thick, while the Siwaliks aggre- 
gate over 15,000 feet near the northern rim of the Gangetic trough, 
so there is reason to assume a like thickness for the submerged 
portion of these two series of deposits in the region to the south. 
We have no data for estimating how far southwards these serie.s 
extend, but it is possible that the Murrees stretch much further 
south than the Siwaliks (Wadia, 1932, p. 88). The hypotheses 
regarding the probable thickness and southern limits of the Murree- 
Siwalik deposits lying under the Gangetic alluvium are referred to 
later (pp. 132, 133). 
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There is reason to believe that the floor of this wide depressed 
belt of the Peninsula, loaded with this great thickness of Tertiary 
and post-Tertiary sediments, must be under strain, a strain ac- 

centuated by the subsidiary folding at the bottom of the synclino- 
riuni. There is also reason to believe that the series of parallel 

fractures of the ‘ boundary faults ’ type, so conspicuous in the 
exposed part of the Tertiaries, also prevail in the part covered by 
alluvium. The sagged floor itself, to judge from what is actually 
seen at its northern margin, is probably disrupted by fractures 
and fault-planes, while the wrinkling of strata, seen in such inten- 
sity in areas like the Margala and Kala Chitta hills of north-west 
Ihinjab, where the Himalaya merges -into the plains, is also con- 
tinued, though with decreasing degree, to a considerable distance 

southwards. The behaviour of the alluvial zone of the Ganges 

valley in Bihar during the earthquake suggests the possible occur- 
rence of a number of faults beneath the alluvium. This subject 
is referred to agaih in a later section. 


N. S. 



1~ Pre-Tortlary. 

13.— Diagrammatic section of possible sequence within the Indo-Gangetio 

trough. 


(5) Signs op recent instability. 

In the preceding pages examples have been cited Of Recent or 
^iib-Recent earth movements along the southern flanks of the 
Himalaya. There is also evidence of recent instability in the 
niiddle Himalayan region. Much of this evidence is from north- 
west India, beyond the area with which this memoir is primarily 
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concerned ; however, it is presumed that interpolation of these 
structural features to the less known areas further east is per^ 
missible. 

In Kashmir the Pleistocene Karewa formation has been elevated 
and tilted along the flanks of the Pir Panjal range ; the extent 
of this elevation is as much as 5,000 to 8,000 feet according tu 
recent estimates. These Karewa beds occur on the north-east 
flank of the Pir Panjal at heights up to 11,500 feet, and it is possible 
that they are related to the sub-serial and glacial deposits across 
the summit of the range, on the opposite south-west flank. Fossils 
of post-Tertiary animals and plants both of terrestrial as well as 
fliiviatile an<l lacustrine habitat are found at many localities at 
heights at which they could not have lived ; their occurrence, 
therefore, in their present position as well as the fact of the folding 
and inclination of the Karewa beds, which in places possess di[)s 
as high as 40'^ (in a north-east direction), are clear proof of sfil) 
Iteeent elevation of tlie Kashmir mountains. 

Di‘ Terra in contrasting this youthful crustal deformation with 
the Mio-l*liocene upheaval of the Himalaya says : this gentle 
(jrustal warping is nothing but a different manifestation of the 
same forceps of folding whicli previously led to much more intricate 
rock structures. Tlie Tetliys formations were rendered inflexible 
by tight compression, but they yielded once more to younger de- 
formation which may be characterised as a broad crustal bulging 
accompanied by a differential gentle warping of its upper strnc 
turc ’ (D(* Terra, 1935, p, 68). 

Many examples may be seen in the Himalaya of dissected 
gravel t(‘rraces lying high up along the sides of the modern valleys. 


Some are given 

below : — 


Height of 

River. 

Locality. 

(Jo-ordiuatcB. 

terrace above 
river bottom. 

Sutlej 

. Bilaspur 

. Sr 20' ; 76“ 46' 

400 feet. 

Giri . 

. Hill .%19 . 

. 30“ 36' ; 77“ 28' 

l,6(X> „ 

Aglar 

* Lagrasu « 

. 30“ 30' ; 78“ 07' 

1.200 

Jakhau 

. Bimet 

. 30“ 14' ; 78° 16' 

800 „ 

Bhagirathi 

. Dang 

O 

00 

o 

1.100 „ 

Bbagiratbi 

, Tebri 

. 30^^ 23' ; 78^ 29' 

700 „ 


A system of 4 to 5 dissected gravel terraces is commonly ob- 
served in the three main valleys (Jhelum, Kishenganga and Cheuab) 
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of the Kashmir mountains. The highest terrace is over 1,200- 
] 500 feet above the present valley-bed. These terraces are in 
part built of 'moraines of the later phases of the Pleistocene glacial 
epoch of Kashmir, and De Terra is of the opinion that the Jhelum 
terraces are connected with the three last ice advances and their 
respective interglacial periods. It should be pointed out that 
these gravels are obvious river gravels, with well rounded boulders 
some of which are foreign to the immediate neighbourhood in 
which they are now found. The history of the elevations and 
depressions responsible for the various terraces found in the Hima- 
layan foothills is complicated and has not yet been worked out. 
It may be assumed that the height of these gravels above the 
modern valley bottom in many cases represents, in part, the eleva- 
tion which has occurred in recent times. 

Post glacial uplift of the main Himalayan range is indicated 
bv the deep incision which has taken place in the Karewa plat- 
forms of Kashmir, which contain interl>edded glacial moraines at 
two or three different levels. In a few cases the Kaiewas show 
sleep flips with monoclinal folding of the strata. Similar uplift 
is also scon in the glaciated Hhagirathi valley hdow (langotri. 
Here a deep gorge has been formed since the valley was forsaken 
hy the Pleistocene forerunner of the Gangotri glacier. Dnfor- 
tiiiiatcly it is still not known to which period of ice ailvaneed the 
glaciation of different parts of Kashmir and the north-east face 
of the Pir Panjal is due ; the period of glaciation of the lower parts 
of the _ Bhagirathi valley hy Gangotri temple is also uncertain. 
Hence it is imffossiblc to date the uplift and incision accurately, 
but it is certainly middle Pleistocene or later. 

Further evidence of recent rejuvenation, prfjhahly a constapience 
of uplift, is afforded by the .steepening of the transverse V-])rofiles 
in many of the Himalayan rivers — such as the Bhagiralhi rivf'r 
of Teliri Garhwal. 

In Kashmir and Sikkim, river capture provides further indirect 
evidence of uplift. Ohlhaiii gives a very good instance of river 
capture in the Sind tributary of the Jhelum river in Kashmir and 
(larwood has described the capture of the east-west subsequents 
by actively north-cutting consequents, which he attributes to up- 
lift in the Kangchenjunga region. 
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(6) The sub-alluvial boundary between the Siwaliks and the 

BASEMENT OF PENINSULAR BOCKS. 


There i.s unfortunately little information with regard to the 
extension of the Siwaliks below the alluvium towards the Peninsula. 
Tertiaries are absent along the northern edge of the Peninsula, 
and hence the boundary between the continuous outcrop of the 
Siwaliks subjacent to the Himalaya and the basement must lie 

concealed below alluvium. Siwaliks crop out along the southern 

border of Shillong plateau, so that it might be assumed that they 
lie moderately close to the northern edge of the Peninsula near 
and west of the Eajmahal hills. Further, the extensive east- 
west outcrop of the Siwaliks in the Potwar trough north of the 
Salt Kange has the appearance of being the actual width across 
the regional strike of a band which, over the greater part of its 
extent, is concealed below alluvium. The Potwar geosyncliiial 
trough (fig. 14) contains 25,000 feet of Tertiary sediments repre- 
sentative of all stages from Eocene to middle Pleistocene. It is 
regarded as only a small scale replica of the much larger Iiido- 

Gangetic trough to its south-east and tectonically formed on tlu' 
same plan. By inspection of the geological map, therefore, it 

might be assumed that the average width of the Siwalik zone 
(including the present outcrop and tlic portion concealed be]o\v 
alluvium) is about 90 miles along the foot of the Himalaya. 




Fre ■ Terti4r^ Eocene 


Em ra ^ 

Murree U Siw&h'k Up.SiWil/J< Sub- Recent 


Fig. 14, — Section across the Potwar geosyncline. 
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The recent geophysical survey, carried out by the Survey of 
India necessitates, however, some caution in these assumptions. 
Colonel Glennie states (1935, p. 56):— 

‘ The flat alluvial plains of North Bihar, devoid of marked topographical 
and geological features, form an ideal field for geophysical exploration. Pen- 
dulum results indicate, at the deepest part, a depth of over six thousand feet 
of light sediments, and since the underlying rocks have probably a notably greater 
density, the torsion balance should be very suitable for charting the lower surface 
f alluvium. Again, it is known that the rocks of the Peninsula bordering 
the south edge of the Gangetio plain contain minerals capable of causing mag- 
netic effects, so magnetic investigation also is promising if these rocks underlie 
the alluvium.’ 

The gravimetric and magnetic results obtained by the Survey 
of India arc satisfactory in being consistent, and it may there- 
fore be assumed that the change in physical properties between a 
denser and more magnetic foundation and a lighter and less mag- 
netic covering, represented by the line drawn in the section on 
j>age 59 of the quoted report, is a real one and is abrupt. If the 
Siwaliks were present below Motihari as a layer between the allu- 
vium and the basement, it would be expected that the change in 
physical properties would not have been so abrupt as is actually so, 
since the Siwaliks, being at a greater depth and more consolidated, 
would have a higher density than the alluvium, though less than 
the basement. The consistent results of the Survey of India would 
seem to indicate either that the Siwaliks are a])sent beneath 
Motihari, or that the combined Siwalik and alluvial formations are 
only (5,500 feet in thickness at this locality, and are both sharply 
contrasted in physical properties from the basement. The matter 
can only be one of speculation, but in view of the unquestionable 
thickness of the Siwaliks in Nepal, only 30 miles to the north of 
Motihari, we find it hard to believe that they arc totally absent 
i)elow Motihari, and we are led therefore to accept the second 
alternative. As far as this section is concerned, it is only neces- 
sary to add that the extent of the Siwaliks towards the south-west 
may not be so great as inspection of the geological map would 
seem to suggest. 


Thickness of the alluvium. 

There is little or no geological information about the thickness 
of the alluvium. The deepest borehole (at Ambala) known to 
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US is only 1,612 feet and did not touch the rock-bottom, Nnmor- 
ous bores have been put down in the United Provinces and North 
Bihar, but none of them is over 600 feet and in no case has rock- 
bottom be(in readied. This is not surprising because, even if the 
bottom of the alluvium had been reached, there might still be a 
considerable thhikncss of Siwalik rocks to penetrate below the 
northern part of the alluvium before the peninsular basement was 
reached. Indeed, the gradation downwards from alluvium into 
Siwaliks ivould make any estimation of the thickness of the allu- 
vium towards the north very difficult. 

The Siwalik deposits reach a thickness of from 16,000 to 18,000 
feet, and we may assume that the thickness of the alluvium, laid 
down under analogous conditions but in a shorter time, -is les.s. 
R. D. Oldham (1017, p. 5) has stated his opinion as follows;— 

* The clearly defined character of the southern margin of the hills towards 
I ho ])lains, running with a regular sweep along the foot of the hills, and the ah- 
Bonco of detached outliers rising out of the alluvium, irresistably suggests thnt 
the boundary is determined by a structural feature similar to the main homulfiry 
and the faults in the Siwalik area, and tho\igh no direct measurement of the depth 
of the undisturbed alluvium is possible, the fact that it is identical with, and a 
eontin nation of, tlu^ Siwalik deposits alTords a tolerably certain indication. Tfi^- 
total thickness of the Siwaliks, in the Kumaon and (larhwal districts, was osti 
mated by Mr. Middlemiss at an average of 1(5,500 feet; Mr. Medlicott estimated 
the thicknes.s of the Siwaliks north of Hardwar at 15,000 feet, and the Avholc 
thickness is not expo.scd on this section. We may therefore take it that the dcpOi 
of the alluvial deposits, being a continuation of these vSiwaliks, is not likely to 
be materially less than 15,000 to 16,000 feet at the northern limit of the plains, 
and we may safely say that the alluvium at the northern edge of the plains is very 
improbably much greater or less than about three miles in depth,’ 

Wo turn next to tin? geodetic data. The earlier work of the 
»Survey of [ndia was interpreted by Burrard. At one time he 
considered that the (langetie alluvium occupied a narrow rift at the 
foot of the Himalaya, the maximum diApth of which was 20 miles 
or over 100,000 feet (Burrard, 1912, p. 11). This figure has been 
discarded hy t-ho Survey of India, siiuje tlm geodetic evidence now 
leads to oth(‘r rcisults, and a rift of such dimensions is in opposi- 
tion to geological and geophysical experience. From an examina- 
tion of tin* geodetic data, R, D. Oldham, in tJie same memoir as 
that from wlvicJi w^e have quoted above, considered that the deptli 
of the alluvium reached a maximum, towards its northern edge, 
of 15,000 to 20,000 feet (J917, p. 82). Oowii*, Uisiug tlid 
data, adopted eveu higher figures. On Plate 1 of Cowie’s paper, 
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h()fh the Punjab and United Provinces — Bihar troughs are shown 
as having thicknesses of 20,000 feet (1921, p. 0). 

{decent work has led E. A. (llennie to estimate the thickness 
as considerably less (1932, p. 18). Using th<'. gravity results from 
Oorcla and Gainsari stations, he estimates tliat the anomalies 

arc -50 and -52 mgals. respectively. Adopting a density for 
the alluvium of 2*16, and presuming a density of 2*67 for the 
hasement, Glennie calculates that the depth of the alluvium is 
only 6,500 feet. Tlie same figure is adopted by Glennie in his 
iej)ort on the recent geophysical survey of Bihar, a portion of 
uhicli has already been quoted in the preceding 8(‘ction (1935, 
p. 59). A north-south section is given in this n^port running 
(h rough Motihari (fig. 16). The g- Ye anomaly at Motihari is 
o6 mgals. a figure slightly in excess of that of Gonda, but not 
(Miough to affect materially the figure adopted from the earlier 
paf)cr. The question of the possibh' preseTU‘e of »Si\valik rocks 
Ix^fwecn the alluvium and the basement was not discussed by 
Glennie, but, as wc have already stated ou page 133, we find it 
hard to believe that tlie thick Siwalik deposits of Nepal should 
have died out <a')mpletely below Motiliari, only 30 miles to the, 
s(»utli. The estimate of 6,500 feet is evidently assumed by Glennie 
tc apply to the combined Siwaliks and alluvium. Accepting the 
assumptions made by the Survey of India, this figure fits the geo- 
detic (lata, but it does not conform with geological facts. It 
cannot be regarded as definite and may well be greater. 


Instability of the sub^Himalaya and (langetic trough. 

We come next to the question of the relative stability of the 
S''«!ogical units described. 

The highest nappes, such as the Fir J’anjal and Kashmir nappe, 
die Jutogh nappe of the Ohor area, and the Garhwal nappe east 
'T Dehra Dun, are so dissected by erosion that they occur only as 
'^^’dliers incapable of receiving any lateral stress from outside. 
T'hcy are, therefore, inert and can only play a passive part in modern 
^^irdi-movements. The same nappes almost certainly are to be 
onnd in the main Himalayan range, where dissection is less and 
able to receive and traiivslate lateral stresses. But 
^ distance of the main ranges from the plains and tlie lack of 
nervations do not permit of further discussion about these thrusts. 


L 
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Coming to the Murree, Krol and Main Boundary thrusts the 
inferences about stability are less sure. The Krol thrust is highly 
folded and considerably dissected, so that widespread horizontal 
translation along the original thrust plane would be impossible. 
On pages 124 and 125 it was considered that there may have been 
two stages of movement ; the first and greatest movement during 
the Helvetian and the second during the Pliocene and Pleistocene. 
Auden believes that the later movements may have occurred in 
response to isostatic uplift consequent on tectonic accumulation 
during the earlier Tertiary. It is possible that these movements 
utilised those portions of the faults and thrust planes already in 
existence which permitted easy yield. Isostatic elevation of a 
mass must result in partial freedom from the lateral pressure Mdiich 
had previously occurred on all sides when the mass had been at 
a lower crustal leA^el, with the consequence that there would be a 
tendency for the elevated portion to expand outwards as well as 
to rise vertically. Outward movement towards the south-west 
would be only possible along those portions of the thrust-planes 
which dipped to the north-east, and it is possible that the over- 
thrusting of the pre-Tertiarics upon the Siwaliks may be explained 
as a rejuvenation of movement along the suitably situated portions 
of the earlier thrusts. 

The boundary between the Siwaliks and the alluvium is known, 
particularly from recent work of Wadia and H. M. Lahiri, to have 
been unstable within recent times— we may suppose since tlic 
upper Pleistocene or even post-Pleistocene. The thrusts mentioned on 
pages 126 and 127 appear to indicate more than merely the horizontal 
component of isostatic uplift, since the horizontal displacement 
of the thrust near Mastanpura would appear to be at least li 
miles in extent. The horizontal displacement near Rawalpindi 
appears to be inconsiderable. 

As stated on p. 132, we do not consider the buried boundary 
between the Siwaliks and the peninsular basement to be of tec- 
tonic significance. We consider it to be an overlap across the 
Peninsula similar in nature to that now seen between the alluvium 
and the Peninsula. There is a possibility, however, that thrusts 
occur within the concealed Siwaliks of the same type as are known 
to occur within the present outcrop of the Siwaliks, between the 
Punjab and Nepal. The postulated existence of a considerable 
amount of folding in the floor of the Gangetic basin^undernenth 
the alluvium must be taken into account. 
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These thrusts within the Siwaliks are likely to be shallow fea- 
tures, resembling those of the Swiss Jura mountains so graphically 
figured by Buxtorf. The Jura mountains appear to be based 
upon a thrust plane which has utilised the mobile Anhydritgnijjpe 
of the Triassic. The Siwaliks and the peninsular basement are 
two units of such different degrees of competence that it is quite 
likely that the boundary between them is tectonic (tlic former 
surface of overlap being utilised later as a thrust plane), and that 
the Siwaliks have moved as a single unit across the basement in 
response to compression, while at the same time they were folded 
and thrust within themselves in the same way as the Jurassic and 
Cretaceous rocks of the Swiss Jura mountains, (Auden, 1937, p. 417). 


Post Mesozoic movemenfs in the northern part of the 

Peninsula. 

(J. A. Bunn.) 

We may now remark on certain movements which have taken 
place on the southern side of the Gangetic Plains and within the 
northern part of the Peninsula itself. Here, the evidence on wliich 
we have to rely is si)arse and has not that preciseness of meaning 
which evidence in the Himalaya provides. For our yardstick we 
liave now to rely on the degree of erosion of old peneplains by rivers 
working almost at base level over most of their distance, and as 
datum lines we have only the base of the Gondwanas, the base of 
the Rajmahal and Deccan Traps, and in addition a few coastal 
Tertiary deposits. However, even with the paucity of informa- 
tion at our command, certain salient features more or less conclu- 
sively demonstrate a succession of uplifts during the period from 
early Tertiary down to the present day. 

Immediately south of the epicentral tract is the north-east 
corner of the Peninsula around which the Gangetic alluvium laps 
to the north and east. At this corner there is quite a wide expanse 
of Rajmahal traps associated at the base with latC' Gondwana sedi- 
i^ients containing plant remains. These late Mesozoic r(x;ks directly 
overlie the Archean gneisses which stretch away to Ihe west in the 
form of an old plain. The base of the Rajmahal rocks, as now 
exposed along their western margin, is practically at the level of 
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thf* present plain surface of Arcliean rocks, hence it is apparent 

that at this point there could never have been uplift since the iav.is 

were poured out, although there may have been subsidence. As 
the lavas disappear to the east below the alluvium at a lower ]ev(l 
than the western margin, it is also apparcuit that the lavas liavo 
be(ui tilted slightly to the east. 

►Surveying the country west of the Kajmahal traps, jind along 
the edge of tlm Garigetic alluvium, we hnd a terrain possessing all 
the (iarmarks of an old plain surface of Archean gneisses and seliistN 

at a general level of 250 feet, deeply decomposed and with o(‘(‘a 

sional residual hills, usually of quartzite, rising a few liundrod hat 
higher. South from here the surface gradually rises to plateaux 
which will be mentioned shortly, but the character of the country 
retains its monotonojjs simplicity as far west as Sasaram. The 
edge of the alluvium overlaps this gneissic phiin very irregularly, 
and far out in the alluvium, j)articularly near Gaya, residual lulls 
project above the general level of the plains. 

At the Son river a. sudden chaaige bf'coim’s noticeable along tlio 
border of the alluvium auid the Penijjsula, for here the alluvium 
abuts against the Kaimur scarp bounding tln‘ Kaimur plaGuru wlii( h 
rises several hundred feet above the plains. This plateau, vvitli 
its gently rolling uplands, is characterised by the steep goi’g(‘s 
through wliieh the streams debouch from the scarp on all sifies. 
although further north the streams are at ba-si^ level. This erosion 
at th(‘ edge of the plateau provides a (‘haracteristic juvenile topo- 
gi'aphy, in contrast with the surface of tlie plateau above and of flc' 
plains below. On the southern side the Son i*iver has cut a narrow 
valley (in places, perhaps, along a fault), separating the Kaimur 
plateau from a sitnilar plateau to the south and at about the sanm 
level, and whicli has clearly been upliftiul in late Tertiary times. 

Keturning now to the country south from Gaya and Dumkn- 
►South from (Jaya tlu' general level of the country gradually rises, 
with here and there sudden increases of gradient (‘.onsequent i)j»on 
vagaries of denudation, until eventually a height of 2,000 feet is 
obtained. But on this gradually rising surface, for the most ]>art 
flat or gently undulating, there are residuals such as the curious 
mass of Parasanath rising to 4,480 feet and others rising to mu eh 
lesser heights, and consisting mostly of Archean (|uartzites and 
schists. None of these lower residuals carry any clear signs of an 
older surface, and, although it is probable that some of them arc the 
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reniii»nts of an older level surface, none possess any features whi<;li 
would suggest it. 

On its southern side the Hazaribagh plateau is separated from 
the Ranchi plateau by the east-west Damodar valley, some 20 
miles in width, which provides one of the interesting structural 
features of Chota Nagpur. The north and south sides of this 
valley are steep straight escarpments enclosing large basins of 
Oondwana rocks which may be followed east beyond the litie of 
this valley to the Jharia and Raniganj coalfields. 

Noting the general level of the basement of these Gondwana 
basins, from the Hutar coalfield in the west to the Raniganj coal- 
fi('ld in the east, there is a definite increase in the elevation of this 
basement as wc go west. The Raniganj field, being close to the 
edge of the Rajmahals (where, as we have already pointed out, 
there cannot have been post- Mesozoic uplift), tlnrc cannot havi; 
Is'cn post-Mesozoic uplift at the eastern edge of this field ; there 
may have been post-Mesozoic subsidence, but it is probable that 
most of the subsidence of these coalfields, which carried their base 
to over 2,000 feet below sea level, took place during their deposition 
ill Mesozoic times. However, apart from these considerations, the 
evidence indirates, therefore, a gradual tilt along the Damodar 
valley witli uplift 1;o the west. Where it is bounded by the llazari- 
bagh and RamJii ])lateaux the scarps indicate; a still further uplift, 
to th<‘ north and south, and the comparatively young topography 
along the„se. scarps and within this valley proves t.hat tin; iimil move,- 
im iit was, at earlie.st, middle to late Tesrtiary in age. 

(bnnng on to the Ranchi plateau, standing at a gene.ral level 
ol’ 2,000 feet, we find almost a perfect example of an old peneplain, 
with rivers on the plateau having almost base level ajepeai'anees, 
but as tliey approach the edge, the rivers sinhhmly steepen and 
form long precipitous narrow gorges. Decomposition of the gneissie 
jxuiks in these uplands had bitten deeply, here and tlnwe smooth 
rounded tors proje(;t, and there is every characteristic of a very old 
land 3urla<;e. West and then north from here the country connects 
up with the plateau previously described south of the Son riv<‘r. 
Here and there are residual ridges aud, (;specially to the wesf., 
severely eroded residual plateaux, sueli as that of Ncturhat, al 
stand at a general level of 3,000 feet and are all heavily (iappel 
with laterite. They are clearly the remains of a still older 
peneplain. 
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Right at the extreme west these older 3,000 foot plateaux are 
of Deccan traps, so that the old land surface which these plateaux 
represent cannot be older than early Tertiary. This old early 
Tertiary peneplain was uplifted 1,000 feet and the new peneplain 
formed was practically completed down to base level before the 
next uplift commenced, necessitating a period of geological time 
extending at least into the latter half of the Tertiary, 

This next uplift, of the Ranchi and Hazaribagh plateaux, gave 
rise to an abrupt scarp on the eastern side of the Ranchi plateau, 
although the movement to the north on the eastern and northern 
aides of the Hazaribagh plateau, is represented by a gradual tilt. 
Between the two plateaux the Gondwana basin was not uplifted 
to the same extent, particularly at the eastern end ; adjustment 
presumably took place along the old boundary faults, so that the 
Gondwanas were left in the trough between the two plateaux and 
have thus been preserved. 

The eastern edge of the Ranchi plateau, represented either by a 
foult or a steep upwarp, has been deeply dissected by long re-entrant 
valleys, and close to the edge small residuals of this mid-Tertiary 
peneplain are becoming isolated in the lower plain. From here 
cast to the Gangetic alluvium the surface has a slight gradient, but 
is practically the mid-Tertiary peneplain at its old level ; the streams 
are almost at base level once they leave the edge of the plateau. 

South from the Ranchi plateau a hill country, showing quite a 
young topography, continues through the Eastern States towards 
the Madras Presidency, The general level of the hilltops is that 
of the Ranchi plateau, and this deeply dissected region represents 
a southerly continuation of that elevated mid-Tertiary peneplain. 
Occasionally higher hills and smaller plateaux, such as at Nimdih 
to the north of Chakradharpur, rise to 3,000 feet, and perhaps 
represent higher residuals from the early Tertiary peneplain. 

From this dissected plateau region there is a more or less gradual 
and irregular descent to the coastal plains, but on their eastern side, 
close to the edge of the coastal plains proper, there is clear evidence 
of even a later uplift which has taken place subsequent to the de- 
position of coastal gravels of presumably late Tertiary age. Dunn 
has recently described (1933, pp. 285-286) the evidence for uplift 
in this region as provided by certain gravel-and laterite-capped 
small plateaux. The level of these plateaux is 850 feet above sea 
level, whilst that of the plains at Gie edge of the dissected Ranchi 
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plateau is 600 to 700 feet, but across the Subarnarekha river there 
is a sudden change in level to 250 to 350 feet, at the base of the 
same gravels. Dr. Dunn has deduced from the evidence a general 
iipwarp along the coast of 400 feet with an additional differential 
up warp of 300 feet west of the Subarnarekha, giving a total of 700 
feet. The differential uplift of 300 feet took place at an early 
stage, but the additional general coastal uplift of 400 feet has con- 
tiuiicd to the present day. The tendency of this uplift to steepen 
the gradients of the Subarnarekha and other rivers has been com- 
pensated by the seaward lengthening of the rivers as a result of 
deposition of sediments. 

Summarising the foregoing discussion we have, in tiffs part of 
India, the following sequence of uplifts : — 

.1. An early Tertiary peneplain, uplifted 1,000 feet to the south 
and with a tilt to the north-cast. It is represented by the Neturhat 
and other plateaux, residuals above the present Ranchi plateau, 
whilst the Rajmahal hills are also representative of its north-eastern 
corner. 

2. A further uplift of perhaps 1,000 feet sometime between 
middle and late Tertiary, reaching a maximum in the Ranchi plateau 
and its dissected extension to the south. This uplift was in the 
nature of a tilt to the north and north-east from the Hazaribagh 
plateau, but at the Son river the northern edge of the upwarp 
was more abrupt. On the eastern side the upwarp was also abrupt. 

3. Further south, after an interval sufficient to permit the 
formation of quite a well-defined peneplain, a further uplift of 
300 feet took place with at least a sharp upwarp in the Subarnarekha 
region, 

4. A gradual further rise in tiie south and also along the east 
roast, amounting to 400 feet, down to the present day. 

It is apparent, then, that the Tertiary period has been one of 
00 inconsiderable movement in tiffs part of the Peninsula, although 
oot on the same scale as in the Himalaya. The type of movements 
m the two areas were vastly different, however, for on the Peninsula 
luey were of the block type. 

To the south of Chota Nagpur the upward movements were 
cumulative, whereas further north, close to the edge of the Gangetic 
^^iuvium, and particularly around the Rajmahal hills, there was no 
^Pp^^rent differential movement — there may have been subsidence, 
certainly not uplift. 
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These considerations are diagrammatically shown in fig. 15 ^ 
which the Eajmahal hills region is regarded as the hinge zone between 
the Gangetic down-warp and the Chota Nagpur upwarp. 


Chota Nagpur 



This section emphasizes the danger in laying too much stress on 
movements actually manifest in the Himalaya as the source ot (‘urtli- 
quakes in this part of India. , The evidence of this part of tlic 
Peninsula indicates the influence of north-south compression frem 
Tertiary to Ke(;ent times. This compression is presumably active 
where the peninsular gneisses are incorporated with the souiiicrn 
limit of the root of the Himalaya, and many of our eartiiqiiakes 
may be associated rather with the block movements witliin tln'st‘ 
gneisses than with the fold and thrust movetnents of tin; yoiiiiger 
rocks. 



CHAPTER IX. 


SURFACK OI'iOLOaiCAL STRUCTURES AND EARTHQUAKES. 

(D. N. VVadia and J. B. Auden.) 

The Assam earthquake of 1897. 

A fair amount of evidence lia.s been collected within the last 
forty years concerning the relaticnsliip between visible geological 
structures and earthquakes. 

The Assam earthquake of 1897 was d(*scribed in the classic 
memoir of R. 1). Oldham (1899), ami a rc-ii)terpretatii>n was made l)v 
1dm 27 years later of the manner of origin of the shock (I92(i)- 

‘ In the central area of the nhot^k ihort* was no master fault or fracture which 
could he regarded as the origin, but a large area over which tlie diRturham^e was 
ovt'ry where gn.axt and in niany jilaees extrenu*. 'Throughout the great/tir part of 
the Garo and Khasia hilts the intensity probably nowhere sank below VI IT of the 
Mercalli scale, more usually it reached fully and in places evtai the XI of the 
ext(ai8ion, proposed by (.^ancani, would have biam inadefjuate as a measure of 
intensity. In tliis region there were repeaUid indications of the distortion of the 
ground, giving rise t(j changes of level, faults, and fractures, of tiu* solid rock. 

'Tli(? comfilexitv of the disturbance and the existiuici; of a network of fractuix s, 
each of which might lie regarded as a local origin of shock, kai to the suggestion 
that they Avere tJie secondary fractures and faults, resulting from a general move- 
nuuit along a thrust ])lan(\’ 

Tlu^re woro (lillieultios, however, in the assum])tioH that inovi- 
rnent along a thnist-plune vva.s th(‘ origin of the slirndv, TJie art*a 
of damage extejidecl beyond the possible limits of the supposed 
thmst-plane. Moreover, there was a l)and of maximum disturliauee 
which traversed the epiceutral anai fj’oiu north to vsouth just c‘ast 
of the 91*^ meridian, crossing all the great tectonwt striietnres oblique 
to the strike the (hiro hills, tlie Brahmaputra valley and pene- 
trating even into the Himalaya. The existenee of tin’s band is 
held to be incompatible with lo<.',alisation of the origin of the shock 
to a surface feature such as a tlirust-plane. There is, in addition, 
no evidence that a thrust-plane of any magnitude occurs in the 
region of the Garo hills. Just south of Tiira Dr. Fox noticed that 
the gneiss was overthrust upon the Eocene, but this appears to be 
a local feature (Fox, 1934, p. 77). Over the greater pai-t of the 

( ) 
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southern edge of the Garo hills there is only a monoclinal fold. 
There is, therefore, no geological evidence for the overthrust at one 
time postulated by Oldham. Quoting Oldham again (1926, p. 56) : - 

‘ It is, therefore, not to tectonic processes, revealed by the surface rocks, 
that wo can look for the ultimate cause of the earthquake ; but rather it must lie 
sought for in the region below the outer crust of the earth. 

The distribution of extreme violence of shock was so localised, and in many 
cases so definitely related to fractures and displacements of the solid rock, as to 
leave no room for doubt that the two were closely connected, as cause and effect ; 
but the elaborate and extensive system of fracture, and distortion, of the outer 
rocks, was itself the secondary result of a deep seated cause, which is shown, by 
the facts recited above, to be independent of the tectonic structure of the rocks 
exposed to observation.’ 

Oldham’s final explanation is the occurrence of a bathyseism, a 
deep-seated impulse below the crust of the earth resulting pro- 
bably from a violent and sudden expansion of magma. This 
expansion he considered as due to a process outlined by Fermor 
(1913, p. 41 and 1914, p. 65), in which a recombination of chemical 
constituents takes place with changes in molecular volumes. 


The Kangra Valley earthquake. 

With regard to the Kangra earthquake, Middlemiss came to 
the following main conclusions (1910, pp. 335-340) ; — 

(1) The two epicentres of Kangra and Rajpur arc situated at 
points where the Tertiary rooks make re-entrants towards the central 
Himalaya. These two embayments — 

‘ must have been places where special local conditions have offered a temporary 
resistance to the normal onward march of those regular waves of flexure.’ 

(2) The two epicentres lie approximately but not exactly along 
the line of the main boundary fault — - 

‘ . the position of the actual axial centrum, as derived from the isoseista, 

in the case of the Kangra area, was more nearly coincident with that of the reversed 
fault between the younger Siwalik conglomerate and the older sandstones than 
with the main boundary itself.’ 

We have already discussed (p. 122) the nomenclature of the 
main boundary fault. Middlemiss, at the time of writing his 
memoir, considered this fault as the plane separating the Tertiaries 
from the older Himalayan rocks, and not that dividing off the 
Siwaliks from the Murrees. In reality, however, the Kangra 
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('picentrc does occur along the main boundary fault, as defined by 
Mcdlicott.^ The Rajpur epicentre on the other hand, lies along 
the Krol thrust, the homology of which is at present uncertain, 
since it is not yet known to what extent the Murrees are present 
m'iir Kajpur. If Murrees are absent, the Krol thrust will in fiiot 
1)0 tlie main boundary fault. From the point of view of this 
monioir, the actual nomenclature is not of much importance, althougli 
it was thought advisable that the confusion arising in connection 
with it should be cleared up. 

Returning to Middlemiss’ conclusions, it is seen that there are 
two concepts involved :--first, the idea of a packing up of folds in 
ri'sponsc to resistance, presumably from tlic peninsular basement ; 
second, the localisation of the earthquake movement near fault 
planes. 

Iteccntly, Auden, as a result of his work in the Dchra Dun area, 
has been led to doubt the significance of the first conclusion in so 
far as it concerns the Rajpur epicentre. There is little indication 
of a packing up or virgation of folds round the Dchra re-entrant. 
On the contrary, the folds preserve a general N,W. — S.E. trend, 
and are abruptly truncated by the re-entrant, which appears to 
be an crosjonal feature and not a syntaxis. Tliere arc admittedly 
(hanges in the directions of the fold axes between the Tons and 
Oanjfcs rivers, but these changes are much less in magnitude than 
the actual deflection of the topographical ranges bordering the 
Dim. 

The topographical embayment around Rajpur was regarded by 
Mcdlicott - as a pre-Siwalik crosional feature, against which the 
SiwalLk rocks were deposited. On this idea no deflection around a 
resistant basement would need in any case to bo postulated. The 
absence of deflection does not, however, indicate that the concep- 
tion of Medlicott is correct, for it is certain that the boundary 
between the Siwaliks and the pre-Tertiaries is in fact the Krol 
thrust. This thrust, although concealed by dun gravels over the 
greater part of Map No. 53 J/S. W., must make a right-angle bend 
around Rajpur and Kalanga hill, and must show considerable vari- 
ation in direction of dip, from northwards near Rajpur to E. S. PI. 
on the west side of Kalanga. While the pre-Tertiary rocks brought 
forward by this thrust do not appear to have been deflected or 

• Middlemias himself adopted Medlicott ’s usage in a later paper. Rec. Oeol. Rurv. 

L, p. 122 , ( 1919 ). 
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packed up to any marked extent around Rajpur, the surface upon 
which they travelled may well have been imeven, with an elevation 
in the vicinity of Dehra. If this be so, it is possible that additional 
strains have been set up wliere the thrust has been arched ovei* this 
hypothetical obstacle. These strains, originating presumablv as 
long ago as the Miocene (see p, 124), may have been accentuated 
by recent isostatic movements and have resulted in the liberatiou 
of elastic earthquake waves. 

A similar change in direction of the Krol thrust occurs in th^ 
neighbourhood of Rikhikesh, a place which- is not known to be 
particularly seismic, and it is probably unwise ai^ present to emphasise 
the possible connection of seismic activity with deflections in thrust 
]) lanes. 

Turning to the connection between the Kangra eartlujuake and 
the visible thrusts, it seems tliat movement prol)al)Iy occurred alonu; 
tlie main bouudary fault which crops out at the surface. The 
average d(‘pth ^)r origin of the slioek is regarded l>y Mid(ll(uiiiss to 
hav(‘ bciUi from Id to 20 miles. It is difficult, however, to supposr 
that th(^ tliriisif lic.tween the. Siwaliks and the Murrees descends to 
tliat de[)tli, since it is very probable that the faults and folds witliin 
tlie Tertiarit's are for tlu‘ fiiost part superficial features confined to 
these rocks. We are led, therefoiav, to a similar comdiisioii to tliai 
of Oldham, tliat there must have been some dee])-seated disturbaiuv 
wliieJi was manifested at the surface by thrusts already in (‘xistcmo. 
Ther(‘ is a ditiicidty in this concept in that a disturbance at sin li a 
depth vv'ould not presumably la^ lo<*ulis(‘d su])erfieially by movmnoni. 
along a nurj’ow zone nearly coincident with tJie r(*versed lault 
between the Murree series and tJie 8iwaliks. Moreover, as Mr. 
W(*st has jecently indicated, if the earthquake liad been due to 
movement along eitlier of tJic two boundary faults, at a depth of 
20 miles or more, the epicentre would have been many miles to tin' 
iiorfdi of its actual position (1937, p. 20). 

Burmese earthquakes. 

Burma is of gi'eut interest in connection with the study of teidoiiic 
earthquake's. hi a recent memoir Coggiti Brown (1933, p. I'lf’ 
and Plate G) has discussed the bearing of geological condition."^ on 
the (uiuses of recent Burmese earthquakes, and has sjiown iind 
their epiiceutres are situated along a definite alignment ruinnn^ 
from Shwebo, just north of Mandalay, to Pegu, near Rangoon. 
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5’lii.s alignment follows closely the railway line from Rangoon to 
Mandalay. Coggin Brown’s conclusions are that tlie eight earth- 
<|iifike.s which have occurred in Biirina Ix't.wi'en 11*29 and I9dl 
liave their origin in the growth of a fault or faulhs lyiijg in .an un- 
stable region at the foot of the Shan plateau. Moi'envet, tlieie 
.Tiv considerable analogies between the stiuetiire. of Burma and tliat 
of nortluu-n India. La Touche (1913, p. 3.77) has com|)aied the 
Slian Plateau with that of Tibet ; the fringe of .\rchean and Paleo- 
zoic rocks, which borders tliis plateau, with the Himahiya ; and 
till' zone of Tertiary rocks along the. Irrawaddy with the Siwalik 
licit .south of the Himalaya. The Burme,s(‘ ear-tlu|uakes hav(' 
occurred along an unstable zone at the foot, atid jirst west, of the 
Shan plateau in a manner comparable with the tbhb'd and faulted 
l)cll, of Siwaliks and alluvium along tin; nortlnun ('dg<' of 1)ie (!an- 
gctic valley. 

Baluchistan earthquakes. 

The Baluchistan earthc|uakes have la’en discussed r<’c,cid!y by 
Mr. W. D. West [1935 (2), p. 200], who has collected inform.ition 
loneerning the earthquakes which liavt' oe<'.urr(Mi in Baluchistan 
(luring the last century of sufficient intensity to cau.se damage to 
buildings. He has sliown that the epicentres are grouped around 
the pronounced re-entrant at the northmn luid of wliieli ()uetta is 
.situated. In this re-entrant there is a prudving of bdds as if these 
had berm caught up liy some projection in the |)eninsular basenumt. 
at the time of the Tertiary orogenesis. West has also sliown ih:d. 
noire of the known faults had any connection witli the or'igin of tlie 
Quetta eartiujiiake of the 3ist May, 1935. He (••ureludes by .saying 

(p. 222) 

‘ Whatever the exact origin may have been, however, it Heeins likely to have 
been connected with the strain which niuat exist .at the head of this re-entiioit 
angle, a strain which can have Ireen relieved only locally by the iireserit eartli- 
((iiakc.’ 

Tlie, reliitionsliip is similar to that envi.sagi'd Iry Middlerui.ss, 
'hough in the case of the Kangra earthquake, the packing iqi of 
h'his is far less pronounced, being ab.sent altogetlier from tkc Birjpur 
epicentre. 

Bihar^Nepal earthquake. 

V\'e have seen that in the case of the Bihar-Nejral eartlupiake 
Ihere were three areas of maximum damage corresponding to X or 
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more of the Mercalli scale : — the Nepal valley ; between Sitamarhi 
and Madhubani ; and at Monghyr. The Nepal valley lies wiiluj, 
the Himalaya. The main epicentral region is entirely upon allu- 
vium. Monghyr lies at the junction of the alluvium and the 
Peninsula. All three geological units appear to be involved in this 
earthquake, whereas, superficially at any rate, the Baluchistan and 
Kangra earthquakes were connected only with the Tertiary mountain 
chains. The nearest parallel to the Bihar-Nepal earthquake is that 
of Assam in 1897. It is probable, however, that the peninsular 
basement is involved also in the Kangra and Baluchistan earth- 
quakes and that the apparent distinctions are not in reality very 
significant. 

It is obvious that there can be no question of the Bihar-Nepal 
earthquake being connected with any re-entrant in the Himalaya. 
It occurred where the arcuate disposition of the mountains is most 
pronounced. 

With regard to Himalayan faults, the structure of the Nepalese 
mountains is in essence similar to that of the Himalayan foothills 
between Dchra and Kathgodam. A thrust separates the Nahans 
from the tmderlying upper Siwalik conglomerates both at Hitaura 
(27° 26' : 86° 02') and near Ncpaltar (26° 54' ; 86° 32'). The so- 
called main boundary fault, which is almost certainly a continuation 
to the south-east of the Krol thrust, is found just north of Sanotar 
(27° 28' : 85° 02'), on the first col E.N.B. of Udaipur Garhi (2I)° 
57' : 86° 32') and probably runs through Dharan Bazar (20° 49' ; 
87° 17') to pass below Tindharia on the Darjecling-Himalaya)i 
railway. Another thrust occurs 1*6 miles E.N.E. of Udaipur 
Garhi, and marks the boundary between the metamorphics and the 
underlying possibly Krol rocks. Auden believes that this thrust 
may be the same as tire Garhwal thrust of the Delira Dun area. 
A section is given in Records, Geological Survey of India, Vol. 09, 
p. 146. 

The Nepal valley lies to the north of all these faults, while the 
epicentral region and the area within isoseist IX between Patna 
and Monghyr lie to the south. 

Intense damage in the Nepal valley seems to have been confined 
to structures built upon the Pleistocene gravels and recent alluvinin, 
and was fixr less severe, and sometimes even negligible, on actual 
rock outcrops. The little that is known about the geology cl 
the Nepal valley has been described by Auden in Records, Geological 
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Survey of India, Vol. 69, pp. 140-152. The E.N.E.— W.S.W. 
strike of the X isoseist in the valley is strongly inclined to the 
ireneral W.N.W. — E.S.E. strike of the Himalaya in this region, 
and, failing direct geological evidence which can only be produced 
by detailed mapping, we see no reason to postulate a fault below 
tbc alignment of the isoseist which would be so oblique to the 
strike. It seems likely that, had there been no alluvial basin, 
the damage in the valley would have been no more intense than 
that at Darjeeling, and that it is not necessary to look for local 
undiscovered faults as an explanation of the increased severity. 
Wc prefer to regard the region of the Himalaya within isoseist 
VIII, stretching from just west of Katmai\du as far as Darjeeling, 
as structurally equally involved in the earthquake. 

We come next to the epicentral region between Sitamarhi and 
cast of Madhubani. On Plate 2 the isoseismal lines are shown in 
rod for the whole of India, while the heavy black broken line represents 
the course of the main boundary fault. The area enclosed by 
isoseismal X lies some 50 miles from the main boundary fault, and 
38 miles or so from the nearest outcrop of the Siwalik rocks. 

While the damage to Udaii)ur Garhi and Dharan is certainly 
great, it cannot be stated that the intensity at these places bears 
any definite relationship to the boundary fault or thrust plane. 
No signs of movement were seen along the thrust plane where it is 
exposed near Udaipur Garhi. The houses at Udaipur Garhi and 
Dharan, being of very unstable construction, have naturally collapsed 
more than the bamboo mud huts of the villages in the plains just 
below.’ Rock falls are not confined to the vicinity of the thrust- 
plane, but scar the hill sides around Udaipur Garhi for miles to north 
and south. Whatever movement may have occurred along this 
thrust-plane below the surface, nothing remarkable happened at 
its outcrop. It is more probable that the movements responsible 
for the earthquake originated further .south, along a fault zone that 
is now concealed by the Gangetic alluvium. 

The significance of the slump belt, and of the area of apparent 
subsidence determined by the Survey of India is almost certainly 
that the alluvium there has received a most severe shaking as a 
result of lying immediately above the main zone of disturbance. 

The smface characteristics of the slump belt, while an indication 
of the location of the focal region, do not, however, afford information 
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concerning the nature of the fracture below the alluvium, which 
was responsible for the earthquake. The eartli fissures wliich were 
observed were purely superficial effects in th(‘ alluvium, a oonse- 
quence of its ineolierent nature. Hence, conclusioiis drawn froni 
a surface examination as to the nature of the inulerlying fraeturr 
or fractures must be liypotJietiiaxl. 

The elongated trend of the isoseismal el]ips(\s strongly suggests 
the linear nature of the centruu) or focal region, and the occurrence 
of one or more fractures below the Gangetic alluvium between 
Motihari and Purnea may, with some ccrtaiuty, be postulated. 

From tlie parallelism of tlie major axis of tlie (dlipso of isoseisTual 
X, between 8itamarhi and Madhubani, and of the larger slmn|) 
belt between Motihari and Pnrnea, with the zone of thrusts in flu' 
Himalaya, it is possible to infer tha.t tlie zone of fractiii'es i)ia\' 
<'smtinue (‘astwards, still parallel to the Himalaya, as far as Dhiibri 
in Assam, Dhiibri, as is well known, is situated in a highly un- 
stable area (Gee, 1934). Westwards, tJiis fracture zon(‘ proba])ly 
dies out against the north-eastward <'ontimia( ioji of ihe Aravalli 
range (Delhi ridge) below the Gangetic alliiviin)), though, from tin* 
rapid fading in intensity of the shcM4v to tiu' W.N.W. of MotiUaii. 
it is evident that considerable movetrient along this zone was c.on 
fined during the last earthquake to Bihar. 

We considered on page 137 that any thrusts or folds existing 
in the Siwahks below the alluvium are likely to be superficial, and 
not to jienotratc far into the basement. Tlu^ T(‘(a‘nt geophysieHl 
survey carri(‘d out in Piliar shows an abrupt changci in the gradient 
of the boundary snrfa<*c betwe^m t]u‘ alluvium and the basement 
(Glennie, 1935, p. 59). We believe tiia.t this boundary surface is 
probably one separating tlie (totnbiued alluvium and Siwa.liks from 
the basement, but this docs not affect the aigniinent. 

Colonel Glennie writes 

‘ A tinal interpretation is not po8,si})l© from a singlf^. tia verse; iino of this nature, 
ddic fifiure Ixdow is consistent with the results, it may he supposed that therr 
has been a southerly movement of a (;on(caIed thiTfst fault just south of the Nop'd 
boundary, and that the feature just south of Motihari has o[>[)os(‘d southerly move - 
ment in the lower layers of the alluvium, so that there is an enhancement of surface 
effects in this region. If tliis is correct then the same feature should screen the 
areas further south 

This evidence then is strongly in favour of screening by the feature south 
of Motihari.’ 



SUBFACE GEOLOGICAL STBUCTUREvS AND EARTHQUAKES, 161 


S. -C N* 



It will be noticed that Colonel Cleiuiie assumes tlic (ixistence 
of a thrust fault just south of the Nepal Ijoutidary, f.e., below Kaxaiil, 
and that the bluff below Motihari has prevented tlie lower layers 
of tlie alluvium from moving soutlmanls. It is dillhuilt to see 
tlic reason for these assumptions. Firstly, there is nothing In the 
scetioii tigunHl above to suggest whieli of tlie ehanges in g?*adient 
eoiresponds to the postulated thrust fault. SiM'ondly, if tln^ thrust 
fault dips to the north, tlie undertliriist portion (south of llaxjuil) 
jiiav be supposed to have been moved northwards rihrtivci to the 
ovfithnist northern block. In this case tlui IdiilT in tlu‘. l)a.sement 
holow Motihari, instead of opposing soutlierly movamumt of the 
lower lajn^rs of the alluvium and Siwaliks, would ai'-t as a buttress 
favoinhig the northward movement of these* low(‘i’ alluvial layers 
la‘low the thrust-plane. It is not sup])os(Ml Ijy us that the alluvium 
aiul Sivvaliks were involved in any extensive lateral movement. 
In tlie case of earthquakes in which a correlation lias been possible 
between the distribution of isoseismals and tlic loe.ation of faults, 
^lie actual movement rec.orded along these faults is very slight 
indtuMl, rarely exceeding a few inches or at most a few feet, botli 
nt>ug the vertical and horizontal directions. 

The section given by the Survey of India migiit e()ually be held 
tu imply a fault scarp below Motihari, where, from surbico indica- 
tions, we had previously been led to postulate one. It cannot bo 
‘"’Upposed, however, that the geophysical re\sults have confirmed 
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our postulated fault zone, because the section obtained from this 
evidence is capable of a number of interpretations. 

Finally, we should consider the areas within isoseismals IX and 
X between Patna and Monghyr. The IX isoseismal is elongated 
and narrow, and for most of its course lies just south of the Ganges. 
The area within this isoseismal does not, however, follow the river 
precisely, but crosses the north salients. Proximity to the banks 
of the Ganges may be a partial explanation, but it may still lie 
necessary to assume a fault zone below this ai’ea. 

The violence of damage at Monghyr is almost certainly related 
to its situation on very thin alluvium imtnediately adjacent to the 
Archean rocks of the Peninsula. Such a situation is well known 
to be liable to excessive damage. It was recognised by Mallit 
in his report in 1850 to the British Association on the great Calalnian 
earthquake, and has been observed in the case of more recent 
earthquakes. Freeman .states as follows (1932, p. 3G7) : — 

‘ The localities most disturbed of all by an earthquake will be fouml iii the 
narrow zone along the dividing lines between hard ground and soft ground. As 
in the ease of a seniifluid material in a bowl set into viliration, the waves will hr 
found liighest against the rigid wall of the basin, at tlie oub^r edge of the soft nialr- 
vial 

‘In San Francisco, a few of the zones of inaxirnuin violence and damage wrrr 
found oil tJie soft gr(.)iind near the rigid rim of a bed-rock hasin containing wut 
ii nconsolid ate d sefl irnents . ’ 

It is suitable here to discuss a note written by Professor JS’omiji 
Nasii, as a result of bis visit to Biliar in lOol. Professor Nesn 
considers that a focal line or plane cannot exist in reality, aii<! 
concliules from liis experience of tlie dapaiiese earthquakes that 
the Bihiir-Nepal earthquake cannot lie attributed to conniressioiial 
movement or the pusli ol’ the Himalayan mass upon thrust faults. 
Nasu’s (‘oncliisions were that sudden ehaugos in bulk occuiaed in 
the mass underlying the Himalaya which lesuJted in the iHuidini: 
and fracture of the crust, causing jerky movements along the main 
boundaty fault, Nasu considers tliat there ar(‘ zones of particularly 
weak strata along the Motihari-Purnea and the Muzaffarpiir-JJai- 
bhanga belts, and that the linear distribution of earthquake daumge 
is due to these zones of soft and weak alluvium and not to any 
linear nature of the seismic origin. He cites the Saitana oartli- 
quake of 1931 in Japan, in which the epicentre of the shock 
found to be in the hilly region of Titibu, while the zone of maximum 
damage was limited to a narrow region bordering the river Toim, 
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In our opinion, the main boundary fault was inactive during 
the earthquake. We believe that tlie distribution of isoseisinals 
and of the shimp belt is such as to indic^ate a fault zone between 
Motihari and Purnea. The seismologieal ovidenee definitely indi- 
cates that the origin lies in the plains of Bihar and Nepal, and not 
in the mass of the Himalaya. 

With regard to the question of zones of wt'ak alluviiiin, it seems 
improbable, without definite evidence from a- large numl>er ot 
borehole records, that the distribution of the alluvial facies ocmirs 
along east-west zones. The upper layers of the alluvium of North 
Bihar have been laid down by rivers flowing in general from north- 
west to south-east, and the variation in facicvs is likely to be aligned 
along zones roughly parallel to this direction. The Kosi, for 
instance, has laid down a wide belt of sand wdiieh runs in a noitli- 
soiith direction. The courses of the rivers are certaiidy not eou- 
stunt, but their general trend is likely to liave been towaids Mu‘ 
south-east. Wind, also, is a modifying factor. But the dominant 
wind is from tlie west and we do not suppose that narrow zones 
of weak strata would have been re-deposited along an east west 
strike l)y a west wind. 

It a])pears to us thtTcfore that the alignment of isoseisinals 
does in fact indicate a linear zone of disturbaucii for the sliork as 
manifested in the crust, and not a line of comparatively waaik 
strata. 

A further point should be noticed. It was mentioned in a pre- 
vious chapter (p. ;s7) that over llie greater ])aj‘t of the area, parti- 
enlarly .soutl; of the Gang(?s, the directions of fall of objeed.s wane 
east-west. In tlie central region the directioji was jnore idttm 

X.N.B. dS.fS.W. So far as could be seen, thme was no tendemy 
loi* objects to fall towards a r,catral ])oiiit or even a c:entral line. 
Tlie coiudiisioii which may be drawn from this is, probably, that 
movrment involved considerable areas of tlie outer crust, and took 
I>!aee for the most part horizontally in a general east-west direciion, 
parallel to the postulated fracture zone, in a manner comparable 
to tluat which occurred along the San Andreas rift in tlie San bran- 
earthquake of 1906. 

When w^e consider the conclusions drawn from an examination 

the seismograms, we find that the major sliock is located in a 
njore circumscribed area around lat. 26'^ 21/ N. and long. 80'' 12' Ik 
‘^o.d that the depth of origin is about ]4*8 kms, or 9*2 miles. It 
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is here that we are brought up against the main difficulty, one wliidi 
is apparent in so many earthquakes, namely that the actual oiiiiin 
of the shock lies at a depth and is generally localised, while tin 
manifestation of the shock in the upper layers of the crust ollei) 
lies along an extended zone. In the concluding section we will 
attempt to discuss the question of bathyseisms, aheady mentiowd 
in the case of the Assam earthquake, and the relation of earthquakes 
to gravity anomalies. 

Shortly after the Bihar-Nepal earthquake. Dr. J. de Grnail 
Hunter published an article in Nalme in which he brought out tlw 
relationship between the epicentral area and a region of underload 
(1934, p. 236). The centre of this region of underload lies between 
Motihari and Gorakhpur, and although slightly west of the epicentral 
area, the long axis of the ellip.se of underload contours coincidef; 
with that of the X isoseismal and slump belt. His figure is re- 
produced in text fig, 17 with slight modification. 



Fiti. 17. — in NimHi Biliiir. 


(Jraaff Hunter states : 

‘The average underloading of this area of about 100,000 square miles 
an average etjuivalent to a thiekness of rook of more than 3,000 feet ; or, P'O 
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otIu‘rwis(*, the deficiency of pressure in the crust is above 200 tons square foot. 

I his iindcrloading arises fron) abnormally low densities in tlic (Tust. It is in part 
' c c aintcd for by the low density of the alluvium of the Oanpjes valley ; but unless 
fhis rdluvium extends to a greater depth than most geologists would believe, the 
ox])ianation is not wholly there. 

These regions of great loading anomaly must cause very great stross-dineremees 
in t he earth’s crust which supports them. The region of underload and the amount 
of underloading are very much of the order whi(;h has been estimated by Dr. H. 
iTri'Vs to be sufficient to cause fracture in the lithosphere.’ 

Ill our preliminary report we suggested that geologists were 
willing to allow a thickness of alluvium up to 15,000 feet, a figure 
adopted hy E. D. Oldham in a passage already quoted on page LT4. 
As slated on page 135, recent work by the Survey of India indi(‘.ates 
iJiat tlie probable thickness of the alluvium is less. Glennie esti- 
mated in 1932 a thickness of 6,600 feet, which probably applies 
to the alluvium and Siwaliks together. The situation is now 
rev(‘rsed, for the geodesists reepdre a smaller thickness than that 
])revioij.sly suggested by the geologists. Jbit, whether tlie thi(‘k' 
ness is 15,000 feet, or only 6,500 feet, it seems certain, as Glennie 
lius indicated, tliat tlic light alluvial sediments will not alone explain 
lli(‘ negative anomalies. He considers that tJie (‘.ause of thi'se 
unonialies in the plains of North Biliar is to l)e sought in deo])- 
sfuted depressions in the granitic and underlying sliolls of the crust 
(dlcnnie, 1932). 

(dcnnic has continued this thesis of th(‘ association of s('ismic 
iiivas with downwarps and underloading. In the (ase of ilie ()ii(dA-a 
eartluiiiake of 1935 he states (1935, p. 49) 

* A narrow dowjiwarp apjx'ars to nm west of Jaisalmcr to the liana of Cliteh, 
d>‘ Lull of Cutch being associated witli this; tlieii there is an ii]>warp running 
fi'nin Karachi to Jacobabad ; while tv^ the wetst and ruuth of this the main down- 
warp (>ccurs. The boundary fault and igneous formations fiirtluT west indi(‘ate 
''ei upwarp. The epicentre of the recent Quetta earthquake apfa^ars to luivc^ beam 
<>VfT the deepest part of the downwarp whieb is evidently being still further narrowed 
aiifl deejKmed. The warp anomalies tlierefore show very elearly tlu' nature of 

(iveiit. Tlie negative anomaly at Quetta (dlO mgals) indicates a (hqith of 
'bavnwarp of about 1 1,000 feet.’ 

Tins belief in the associatioTi of seismic activity with downwarps 
negative anomalies is confirmed by tlie loe-ations of the epicentres 
^>1^ tlie Bihar earthquake and of tlni main region of the Karigra 
tartliquahe. It is less certain, however, that either the Assam 
^‘‘rtlupiake of 1897, or the Cutch earthquake of 1819, were (on- 
^^’'ted with marked downwarping and negative anomalies, kurtlier, 
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there is a region of strong negative anomalies in south-west India 
that is seismically inactive. 

Meinesz has suggested that there is coincidence between tin; 
belt of negative anomalies in the Dutch East Indies and the clus- 
tering of earthquake epicentra, maintaining that the mass defect 
is related to tectonic activity in the Archipelago (1934, p. 118). 
A careful examination of Plate IV and fig. 20 of his book shows, 
however, that many of the epicentra are located in regions of lugh 
positive anomaly, and that the relationship asserted by Mciiicsz 
is not very close. 

Botli in the east Ferghana and east Tadjikstan regions, fuiil ui 
Fennoscandia, the seismically active areas have been shown recently 
by MushJcetov (1930, pp. 477, 479) to be located where the anomaiios 
are negative and the crust is in the process of epeirogcnetic uplift. 

We have seen that the seismic I>elt of northern India is .sitiiatcal 
north of the Peninsula in Assam and along the Indo-UaiigetK 
alluvium and the bordering mountains. The evidence lor 
uplift in the Himalaya and that part of the Peninsula immediately 
to the south of the Bihar seismic zone, is ok‘.ar, and has aln ady 
been given (pages 125-131, 137-li2). From the incomplete geodetic 
data available, the Himalaya appears to be a region of positive 
anomalies, in spite of the great thickness of sedimentary lock.^ 
pro.sont (20,000 feet for the Krol syncliue, and at least 17,000 feet 
for the Tethys syncline). Graafi Hunter has also suggested that 
tlie negative region of North Bihar has been subject to a secular 
regional uplift, but this suggestion has not been confirmed by the 
most recent exaimuatiou of the levelling data (1934, p. 236) and lia.? 
been abandoned by the Survey of India. The accumulation ol 
6,500 feet (certainly a minimum figure) of light fluviatilc sedi- 
ments in a basin, the upper surface of which does not rise 
more than 900 feet above sea level, implies downwarping ol the 
basement. Indeed, if any considerable uplift had taken pk''-' 
in the Gaiigetic plain, the Jiieanderiug rivers should be incised t<» 
a deeper extent than they are. The whole trend of gcologiinl 
evidence regards the plain as still an area of downwarp, not )vt 
subjected to isostatic adjustment by elevation. There is, tliere- 
I'oro, a zone of uplift throughout the Himalaya, a zone that is fHo- 
bably still being depressed to the south, and a zone of uplift further 
south again, on the Peninsula. The maximum differential move' 
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iiK uts. as pointed out on page 142, is between the northern part of 
llic Gangetic plains and the Himalaya. The zone lying just to 
\]io south of the Siwalik ranges, must be sii]>je(‘t to great strain, 
and we may expect sudden relief along fractures as a result of more 
deep-seated disturbances. As suggested in our Preliminary Report, 
we consider that the underload in North Bihar is to be regarded 
not as the cause of the earthquake, but ratlxer as a conscqueiu'-e 
of the tectonic processes in that region which have resulted also 
in downwarping and fracturing (Auden and Ghosh, U)34, p. 222). 
From the examples mentioned just above, it st'ems that the asso- 
ciation between seismic instability and negative anomalies is not 
iuvaiiablc, and that both regions of downwarp and of upwuirp may 
be scisniically active. 

The epicentre of the first main shock as calculated by Dr. Roy 
is some eight miles east of JVIadhubani, at lat. 2b-' 21' N : long. 
3()' 12' E, while the depth of origin is considered by Jiim to lie 
iibout 14*8 km. or 9*2 miles. This lies within tJie limils of the 
sub-rilluvial trace of tlie postulated fracture zone, from which it 
l)e concluded that the inclination of tlie fracturt', through the 
granitic crust is steep. in such an eAt(‘j);sive fault jtgion as is 
.suggested h(‘re, the terms ‘ focus ’ and ‘ deptli of origin ’ may l)e 
taken to apply to the point from whi<h the lra,cturing actually 
liist began, before quickly extending to tlie wdiolc of tJie fracture 
plane. 

TLe evidence leads us therefore to two comhisions. Eirstly, 
a condition of strain between the uprising Himalaya and the down- 
warped alluvial belt. Secondly, it appears IVoin tlie direci-ion of 
fall of objects that the actual movement responsible for the sJiock 
may have been largely horizontal, in an east-west direction. It 
would seem, therefore, that there may Jiave been a considerable 
easi-west component in the movements which r(\sulted IVorii ihc 
fsiidden relief of strain in the transitional zone between the Jlijiialaya 
and the Gangetic plain. 

It is not j>roposed to enter into a discussiori of tJio ultiniide ( aiise 
ef deep-seated earthquakes. We referred on pagi' lit to Oldhanrs 
idea that the Assam earthquake was tlie result of a batliyseism ; 
this idea followed a conception advanced by Ferjnor. Fermor 
(1913, p. 41, 1914, p. 65) had pictured an infraplutoiiic shell of 
<^eIogite at an unknown depth, and that relief to pressure following 
bictonic movements would permit liquefaction of the eclogite in 
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this shell to basalt magma. This sudden expansion was siiggostcd 
as the underlying cause of earthquakes. The suggestion is hisvA 
entirely on speculation without any accompanying evidence. In, 
deed, in large earthquakes with shallow focus, such as the ihlmr 
earthquake, such tectonic movements as would permit liquefaction 
of the eclogite may, themselves, well be the origin of the si^ismic 
waves. It is believed by some of us that enough attention has not 
as yet been paid to certain of the known effects of stresses in bodies, 
in which speculation of change of state and of volume need play 
no part. Dr. Dunn lias suggested as a line of thought that frac^ 
tures might arise as the ultimate result of alternating stresses duo, 
for example, to tidal stress at ' the irregular interfaces of different 
rocks in deep-seated parts of the crust ; the effects would be eom- 
parable with the so-called fatigue cracks formed as a result of 
alternating stress in materials. 

The subject of the various ultimate causes of earthquakes i^ 
much too conjectional to pursue further here. 


Summary. 

We have briefly traced the history of the formation of Norilierii 
India during the Tertiary and Quaternary eras and the structure of 
its framework. There is evidence for great horizontal movements 
along thrust-planes in the Himalaya and of recent downwa,i;|) in 
the great basin at its foot, together with upwarps further south in 
the Peninsula, The movements in the Himalaya probably renclie^i 
their maximum extent during the Miocene, but we have seen evidence 
of their (continued activity till the end of the middle Pleistocene 
The highest of these Himalayan thrusts are now so dissected by 
erosion that they may lie (considered inert and as having little, if 
any, connection with modern seismic phenomena. There is also 
evidence of movement along the less dissected portions of the 
lower thrusts in the Himalaya during the Miocene and Pliocene, 
and of Pleistocene thrusts within the Siwaliks and Older Alluvinm 
The Karewa alluvium of Kashmir gives clear evidence of an uphh 
of the mountains of several thousand feet during the Pleistocene. 
In addition, the terraces and profiles of Himalayan rivers indicate 
very recent vertical uplift. 

The evidence therefore for recent instability in the Himalaya 
is very strong. In North Bihar we have indicated uplift to tbe 
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south of the epicentral region aggregating over 2,600 feet during 
Tertiary times. This uplift gave rise to a genera] tilting towards 
iiie north hinging about the Rajniahal hills, nortli of whicli there 
was sul)sidenoc to an extent of which we are not (certain. 

There is little doubt that the two types of movements are elleids 
of the same underlying tectonic cause. 

As has been stated previously, the origin of the Bihar earthquake, 
as determined both from the field investigations of the Geologica.! 
Survey and from an examination of the seismograms, docs nut lie 
in the Himalaya, but below the Gangetic alluvium, (ieodetic 
(‘vidence indicates that the Gangetic plain of North Bihar is a 
(lownwarp, a S 3 mclinal depression, and that the negative anomalies 
present in the area are due largely to the depression of tlie granitic 
uiid underlying basic layers of the crust and to a minor extent to 
the presence of a considerable thickness of light alluvial sedimenis, 
{»f specific gravity less than that of normal rock, filling tlie depres- 
sion. 

Geological evidence also suggests that the downwarped Gangotii*. 
hasin has not yet begun to rise and become isostaticailly adjusted. 

TIlc uplift of the Himalaya and Peninsula and the de]>ression 
of the Gangetic basin should all be regarded as relabMl, and tin' 
loration of the origin of the shock in the depressed zone is signihc.ant. 
It is in this zone that a state of strain or potential fracture must Ixi 
presumed to exist. 

Tlie position of the slump belt suggests the existence beioAv tin' 
iilluvium of a zone of fracture, extending from Motihari to Buruea 
and }>ossibly continuing to Dhubri in Assam, The geopliysical 
wurk recently carried out by the Survey of India indicates iminy 
l^ronounced irregularities in tlie basement of the alluvium (or the 
allu vium and Siwaliks combined) and it is possible that the sudden 
changes in gradient below Motihari and liaxaul may corrf^spond 
io faults which were in movement during the earthquake. Mor(i 
‘lata are required, however, before a proper correlation between 
sub-alluvial contours and the surface earthquake effects is possibli. 

We do not favour the opinion put forward by Dr. Nasu that the 
•shock originated beneath the Himalaya, and tliat the formation of 
fhe slump belt was due to a zone of particularly weak serliments 
to the south. There is no evidence that tlie sediments of tlic 
^^lump belt differ from those of the alluvium to the north and south 
cf it. 
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Movement along the fracture zone between Motihari and Purriea 
probably had a considerable component in an east-west direction. 
This fracture zone is considered as being responsible for the earth- 
quake. The high isoseisnials of the Nepal valley are regarded as a 
consequence of the young alluvial sediments present in the valloy, 
which, though not water-logged as in the case of the Gangolie 
alluvium, have markedly different elastic properties from the snr 
rounding and harder pre-Tertiary rocks. The narrow belt of high 
intensity between Patna and Monghyr has received no satisfactory 
explanation, but it is possible that there may be a subsidiary fault 
below this zone. 



CHAPTER X. 


advisory observations on reconstruction. ‘ 

(J. A. Dunn.) 

Karly views. 

Otic of the principal objects of the survey i^aity in Nojth Hiliai* 
was to make certain recommendations as speedily as^ possible in 
order to assist Governnient's plans for future reconstrudion. Tlie 
following extract from a letter, dated Patna tlie 29th January, 
ItKH, written by Dr. J. A. Dunn to the Cliief Secielaiy to tlie 
(lovorimient of Bihar and Orissa, indicates our views at the com- 
nieiioenient of the investigation : — 

‘Although it is unlikely that an carthciuako of sinli intensity as that of tJie 
15th Januar}' 1934 will be repeated within the same e])i<t*nfre in the near lutiue, 
there (van be no assurance that minor tremors resulting lr(>in slight iueal afljast- 
inents may not take place 

‘ Although these later minor tremors are unlikely to caus</ loss of life (»r *ur- 
Iher damage to present buildings, they may disturb any pucea buildings in ecuiise 
uf rreetiffii, in wJiich cement, mortar, lias not (*om]fl('t(‘iy H(‘t. 

‘ During the main earthquake th(‘ alluvium over the (Jangetit; i)lain was sc ri- 
nusly (issiired ; in places sand fronT along the fissures was ejeided. Many of tlx se 
craiks are small and escape detection, but minor tremors may causes slight. rnov« - 
ment along them, sufficient to crack the foundations of mnvly erected |)ue< a build- 
ings. This may take place particularly during tlic Monsoon wlien tlu; ground 
bcc(*mes saturated. Even prior to the earthquake the soft alluvium fonning 
the foundation of buildings throughout the (Jangetie plain was by no na^ans ich'al. 

‘ Tliese considerations apply also to structures in hill country where' s(‘e|>ag(‘ 
from the Monsoon rains may find its way along new fracture's and lines of we'ak- 
ncss causing landslides, 

‘ Taking all the factors into eonsideratiem 1 would not advise liastc in the 
reronstruedion of jnicca buildings. Wherever possible commencem<'nt of rc'f>iiild* 
ing should be deferred until after the ru'xt Monsoon. Jliese remarks of couise 
do not apply to repairs which could be undertaken immediately.’ 

We also issued tlie general warning that only light inc'xjxmsive 
Iniiidings should be erected in the alluvial tract before the (ik! of 
1031. There was no excuse, aicorclingly, for tln^ cKition of un- 
suitable structures in this area on tin; ])lea o[‘ hasD*. in rcdiuililing. 
Ihe advice wrvS justified m certain udju.stinents of Uj(‘ alJuvium 
did eventually take place in several ]o(;alilies diirnig iJte ensuing 
Monsoon. 

^ Much of this cha()tcr has boon takdi, with some re-arrangement, from earlier 
‘Oports of tlie authors. 

( 161 ) 
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Belts of lesser and greater disturbance. 

It is becoming apparent that, in any earthquake, <‘ertain IcK^aliiics 
are more susceptible to the shock than adjacent localities. Tlj.* 
reason is not entirely connected with the type of sub-soil, althoiigli 
this is apparently one of the factors determining the intensity (»f 
damage at any point ; buildings erected over water-logged sands 
are more liable to damage than those on more compact groimci. 

Other factors which we have not yet appreciated are certainly i>f 
importance, but our knowledge of this earthquake region of 
India is too scanty as yet for us to form any definite reliable \i(nvs. 

The primary epicentral region of the 1934 earthquake \v:is 

])etwe(*n Sitamarhi and Madhubani, l)ut there were stibsididiry 

areas of equally high intensity in the Nepal valley and at Mon- 
ghyr ; /ones of less destruction (earthquake shadows)^ separatrMl 
these areas of great damage. A similar disposition of intensities 
is sugg(‘sted by the imperfect accounts of the 1833 disaster, hut 

tliis evidence supplies no pr mm facie case for supposing that-llif' 
distribution of intensities will be identical in future sho<?ks. 8o 
far, the evidence suggt'.sts that there is a fracture zone below tlu' 
Motihari-rurnea belt and this inay continue to the east towards 
Dliubri, ami perhaps further east up the Brahmaputra valley. 11 
is possible that another fracture zone occurs along the Ihitna- 
jAlonghyr line ; Monghyr is known to sulTer from shocks more than 
any other phi(;e south of the Ganges, but this may be cxplaini-d 
e(|ually as well by the position of the town close to the jumdMai 
of the alluvium and Arclican basement as by the existence of under- 
lying fra(dnres. 

It cannot be asserted that the lower intensity are.a betwaaai 
tlie Motihari-rurnea and the Patna-Mongliyr zones will neces- 
sarily be more iintmme from shocks in the future until sevei.il 

further violent earthquakes have occurred and some constancy in 
the position of the isoseismals is established. As far as is known. 
a.noth(‘r earthquake of even greater violence might result in 
intervening area being included within isoseismal IX. 

If the isoseismal maps of several of the comparatively rc<ei)t 

shocks in the eastern part of Northern India are examined, it is 

found that certain localities have escaped the effects of s(‘vere 
shocks although areas on all sides may have been damaged at 
some time or other. It would be unwise at this stage, ho\ve\ i, 
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to regard such localities as being peculiarly immune in the future. 
It is safer to accept the whole region between the Himalaya and 
1 line along the Ganges through Patna in Bihar and Malda in lieiigal 
Inid east to the Chittagong l)ill tracts as being particularly liable 

slxocks, and that no zones in it can as yet bo delineated as less 
siisceptiblc to damage. This region forms part of a belt of country 
across northern India, frcin Baluchistan to Burma, in which the damage 
jesiilting from earthquakes is likely to be severe (Plate a based ( n a 
map by J. B. Auden in 1935). 

The problem is different in the Nepal valley, for here liav(‘ 
a ,su)all circumscribed area with marked contrasis in ground condi- 
lions. The information with regard to the 181^3 (airtlupiake in 
tliis valley is quite accurate and the <‘oincidence in the isoseismal 
linos for that and the re(*ont shoch is close. It is a])])ar(Uit that 
rloar lines of demarcation may l)e drawn in tlu‘ Nepal valh'V be- 
tween relatively stable and unstabh^ areas. Tln^ tract b(*tweeu 
Idiatgaon, Haiisidlii, Kliokna and Bagmati, in<‘lud('d within isos(‘is- 
inal X, may be considered as peculiarly sus(*(q)til)le to tln‘ efb^cts 
of future sho(‘ks. Tlio area between Pashupatinatli, Ihuldhanath 
and (Jokarna is probably the safest in the valley. 

Change of official headquarters sites. 

discussion in tlie last section leads logically to the question 
of localisation of olficial lieadquartcuvs. This giuieral (jiiestion could 
not !.(' discussed lightly after the earthquake as many ])rojects fo)* 
the (hange in site of administrative centres were advanced. After 
candiil consideration it seemed to us unnecessary that any drastii* 
steps should be taken for the long distaiUM^ inMiioval of hea(l([uai’t(u\s 
siti's, except in tlie case of Madliipura. It was obvious, liowannu', 
tl).at expensive administrative buildings should not be erected on 
badl}’ fissured sites, nor in th(‘ close vicinity of sm-h larg(‘ d<‘pres- 
sions as rivers or lakes, but apart from these considerations the 
]iea<K}uarters sliould remain as close as possible to their oi*iginal 
l>ositions. Over considerable areas in Bihar there is soni(‘ unifor- 
•luty of sub-soil, and tJie evidence to date resp(M*ting eartlnjuake 
sJiadows being unreliabh?, there, was nothing to l)e gained by moving 
nlllcial headquarters many jniles from their prestuit sites. 

At Motiliari the tw^o lak(\s had been th(‘ princi}>al cause of t]u‘ 
clufcc iissuring of neighbouring ground and the dcstiiiction of build- 
ifjgs It was apparent tliat new biiildings should be k(‘pt away 
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from the vicinity of these lakes. On the immediate site of the 
old headquarters there were no unfissured areas of sufficient .si^e 
to contain the proposed - buildings. Accordingly Government d,;. 
cided to erect the administrative buildings at Luathaha, sonu' ;',i 
miles away, and which was the nearest place in which the groiiiul 
was relatively unfissured. 

At Sitamarhi the old headquarters was on a very confined site 
along the river bank, and it was closely fissured. The only build- 
ing which escaped relatively undamaged was the P. W. D. Inspectioji 
Bungalow, situated at some distance from the river. As Sita- 
marhi is a small headquarters station it seemed to us that vi iy 
light structures might suitably be erected in the vicinity of the 
old site, otherwise we recommended construction upon adjac(-iit 
ground away from the river. Government eventually decided to 
erect the administrative buildings about 21 miles away at Duinra. 

At Madhubani sufficient unfissured ground was found availal)l(; 
on which to erect most of the administrative buildings close to 
their old sites, but the jail, hospital and a few residences were n;- 
erected half a mile away. 

Madhipura was the one town whi(;h it appeared advisabh' to 
abandon. Forty years ago, before the Ko.si river had altered its 
course towards the vicinity of Madhipura, the town was an idciil 
sitii in every way. The many branches of the river have .siiire 
made movement about the subdivision increasingly difficult, and 
during the rains the whole of the surrounding country is floodeil, 
with the result that Madhipura during that season of the year con 
only be approached by boat. In addition, a bi-anch of the Kosi 
east of the town was gradually working west and the prott-efing 
band (levee bank), which was damaged by the earthquake, was 
immediately breached and a large section removed by the river. 
There was little point in continuing the unequal figlit with tlu' 
river now that the site had become also administratively unsuit- 

able. 

The Geological Survey was approached more particularly as to 
the advisability of removing the headquarters of Purnca district. 

The advantages of the old site arc obvious : it is central and ea,sily 

acces.sible from any part of the district by roads and railw;U'.s 

radiating from the town ; there is also a settled community largely 
dependent upon the presence of the district headquarters, and 
vested interests would obviously suffer a grave loss were the head- 
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quarters to be removed. The disadvantages were : the ground 
around the civil headquarters had slumped soinewhat ; the locality 
is within the principal zone of weahneas of the earthquake area 
and may be affected therefore by future tremors ; the loose sandy 
nature of the ground is unsuitable for such massive buildings as 
luTve been erected. 

Although Purnea is on the zone of weakness it must be re- 
luembered that in contrast to the <lamage in the civil lines tlie 
old town across the river was wScaircely affected. The main reason 
A>]’ this is that the buildings in the old town are of much lighter 
( (uislruotion and aci'-ordingly have not suffered subsidence. 8o far 
as the subsoil is concerned, there is no (diange for many miles 
around. Purnea is at tin* centre of a trai't- of country extending 
froui the Nepal border to the (binges and from the Kosi river to 
Kishanganj and which is formed of a sand bed ()0-8() feet in tlepth 
in places. 

If an alternative site had been necessary it would have to be 
found l^etwe(‘ii Purnea and Araria, Purnea and Kisluinganj, or 
l^jrnea and Katiliar. Between Purnea and Araria th(‘ intensity of 
doJUiige Wits equally as great as in Piirm^a. B(dweeii Purnea and 
Kislumganj the damage from six miles east of Piniieii was negli- 
gil)|p, but a futun^. oartlnpiakt^ along an eiisterly continuation of 
tlic Motiluiri-Purnea fracture zone and extmiding towards tlu' (‘pi- 
of tlie 1897 eartlujuake might give risti to daitiagti at KisLan- 
giuij as severe as at Purnea. Between Purnea and Katiluu* the 
damage was slight and, froju the point of view of future eaiih- 
((iijiivr‘ effects, Katiliar would be the most suitable alt{*rnative site. 

Tlie advantages of Purnea, bowever, (*asily outwidgli the doubt- 
lid geological gain in moving to Katiliar. The civil lijies cover 
a large iirea, the bni.klings being widely separated, and no one 
^it<‘ could be regarded as more reliable than another. There was 
phuity of unfissured ground available in the town on which build- 
ings lighter than previously could be erected. 

It is apparent that these few slight changes in position of civil 
luadcjuarters sites have been made not from the point of view of 
ultimate suitability for future earthquakes (apart from keeping 
luiildings away from the vicinity of lakes, rivers/ etc.) but simjily 
ler the purpose of immediate safety in construction. If unsuit- 
■dde buildings are erected on these undamaged sites they are equally 
liuble to destruction in future earthquakes. Heavy buildings will 
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Ihomselves give rise to adjacent fissures in future shocks as 
]934, hence single storey light structures should be preferred 
wherever possible ; otherwise special precautions should be tak(>a 
ill th(‘ construction of expensive foundations. The areal e.xtoijt 
of buildings should be kept at a minimum, individual builtlin^s 
each covering a smaller area, arc preferred to single large biiildii^nj^ 
(ontaining many official departments. 

In concluding this section we would suggest that, in future, 
where wide choice of sites is available for the erection of consirkr- 
able siructures of any project, some use be made of the evidence 
collcHted subsequent to the 1934 earthquake. We have pointed 
out the presence of ‘‘ earthquake shadows ; whether sucli are 
likt'ly to persist in future earthquakes remains to be seen, and 
we eannot guarantee them, but at least advantage niiglit be talven 
of these localities with the view that at any rate they (\annot he 
worse* tlian otlier sites and there is the strong possibility tliat iliev 
miglil be considerably safer. 


Building design. 

From both a Rcicntific and engineering viewpoint the whole of 
Northern India, within, say, two hundred miles of tlie footliills of 
the Tliinalixya must be regarded as a region particularly susceptible 
to severe earthquakes. Tt has been repeatedly urg<'d by the (Jeo- 
logical iSurvey that the design of structures in this area should lie 
controlled by legislation as it is in Japan and New Zealand. The 
jemark lias often been made that in Bihar, for example, one luimlriMl 
j'cars have elapsed since the, previous severe earthquake and tlmt 
legislation is scarcely necessary for such rare calamities. Itowevci', 
sluK'ks are felt much more frequently than this in certain localitie.s. 
particularly in eastern Bihar, and it should also be remembcied 
that tliorc is no real periodicity for such major earthquakes, hh 
prediction can be made at this stage as to their future frcijuiuu v, 
It is also often remarked tliat eartliquake- proof buildings are part- 
h'ldarly expensive, but this is not entirely correct. Simplicity in 
design and ornamentation is one of the earmarks of suitable liuiM- 
ings in an earthquake region ; much can be done in the reduction 
of damage to buildings and in loss of life, by eliminating such oi 
llie expensive ornamentation as is of doubtful aesthetic value. 
Miuh <;uuld also be done by legislation in coniiolliiig tlie heg'ld 
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of buildings and the width of streets. Control in the actunl design 
of buildings from foundation to roof need apply only to the more 
expensive kind of public building or factor>\ 

It has been said that well-constructed buildings of brick came 
through the earthquake with but slight damage. This is only 
partly true and includes only single storey buildings of compara- 
tively recent construction away from the vicinity of depressions 
where there was little or no slumping of the ground. Tlie older a 
building becomes, even including those of the best construction, 
the more liable is it to damage during an eartlu|uake, and aceord- 
ingly it is advisable in construction to make use of such feasible 
principles as will reduce to a minimum the liabilitiy for earthqualce 
damage and also mortality during the life of the biiihling. 

Building conditions in Northern India are different from thos(‘ 
ill other countries. Here we have three principal types of houses 
and other structures. The village hut is usually constructed with 
mud walls and thatched or tiled roof, some are of bamboo-wattle 
walls with a thin plaster of mud ; these are known as hifeha build- 
iugs. Bather more ex])ensivc houses, the kutchn-picra tyjie, are 
luiilf. of brick (usually of poor (juality and often even only sun- 
diied) with mud mortar. The type iiududes well built struc- 

tures of brick, masonry, etc., similar to structures in inost countries. 
Other types of so-called pucm buildings have bri{‘k and good mortar 
in tlie arches over doors and windows, but the walls are of brick 
aud rmid-rnortar. In others the walls are faced with brie-k ami 
mortar but the inside is of brick and mud-mortar. Both type's 
are very common and invite disaster. 

Kutcha buildings. 

The greater part of the pojmlation of Bihar cannot afford more 
expensive types of houses. The mud or mud and wattles hut 
always will be the villager's main form of residence ; it is easil}^ 
ilanmged during an earthquake, but as it is e(pially liable to (]amag<' 
during any rainy season its weaknesses neisl hav(‘ little eonsidmu- 
tiori here. It is possible that some sliglit itn])rovem(‘nts may be 
niade in such buildings to at least reduce mortality should they 
collapse during an earthquake. They shmild m'V('r liave heavy 
loofs. Professor Nasu suggests that the walls of mud huts should 
he thick at the base and thin at the top, the inner and outer sin- 
taces having a parabolic cross-section, 
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Kutcha-pucca buildings. 

It is apparent that hulcha-fitcca houses inust, for many ycnrs, 
form a considerable proportion of the buildings in this area. But 
some effort should be made to minimise the damage to which they 
must be subjected during any severe earthquake. No lulcha- 
pitcca building of more than one storey should be erected iiortli 
of the Ganges. All ornamental work such as in cornices, balus- 
trades, etc., should be discarded and the roof kept as light as 
possible. The walls should not be less than a certain prescribed 
thickness. Improvements in the type of brick and mortar should 
be introduced within economic limits. 

The use of timber frames in certain types of hitcha-jmcm and 
hutcha buildings should be encouraged. These frames, formed of 
sole plate and vertical timbers, should be well tied by diagonal 
timbers and the roof firmly attached. A number of very old 
houses built in this way in Chapra survived the shock remarkably 
well. 

For buildings constructed almost entirely of timber, some obser- 
vations made by Mr. E. R. Gee subsequent to the Dhubri earth- 
quake of the 3rd July 19.3.3, are apposite (1934, pp. 8, 9, 88). The 
framework of the split bamboo buildings there are sometimes fixed 
to posts which are either set into a masonry plinth or driven into 
the groimd ; in other cases the framework simply rests unti(‘d on 
the masonry plinth. In the former’ type the fixed posts wero 
often sheared at the base and the building considerably damaged. 
In the latter type the building was practically undamaged as thoii' 
was nothing to hinder the structure from moving as a whole, in- 
dependently of the plinth, and with its own natural period of 
oscillation. 

PUCCA BUILDINGS. 

It is likely that the greatest improvements can be made amongst 
the larger pucca buildings, particularly those used for official pur- 
poses. 

Infltence of type of ground . — A general experience is that earth- 
quake shocks are more severely felt on soft alluvial ground than 
on harder ground. Consequently, given buildings not specifically 
designed to withstarrd earthquake shocks, the damage is greater 
iji alluvial tracts than elsewhere. This was, on the whole, our 
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experience in the case of the Bihar ea.rthquake, although the ox> 
trc^niely poor construction has permitted their general collapse even 
oil hills, as at Udaipur Garhi. In the gre^at Napier earthquake 
of N^ew Zealand in 1931, the houses on The BlufT were scarcely 
affeiited, whereas almost total damage was general in the business 
(quarter and other parts of the town whicli are on the alluvial flats 
below. Freeman (1932, p. 366) mentions that in tlie San Francisco 
eartliqaake of 1906 the percentage of damage to buildings of a 
oou-rigid type was five to ten times as great on soft ground as on 
outcrops of older and more consolidated rocks. 

When, however, as in many of the buildings put up in Tokyo 
before 1923, specual provision is made to construct rigid buildings 
with adequate foundations, the damage to such buildings may l)e 
on alluvial ground than on rode. Professor Suyehiro lias 

sliowti that, by reason of its inertia, the movement of a rigid build- 
ing on a massive foundation block may be much smaller than that 
of the sand or mud upon which the foundation rests. Soft yield- 
ing sand or mud tends to act as a cushion to tlie shock, and surges 
to and fro beneath the foundation, without impiirting to it vibra- 
tions of large amplitude. According to observations made in 
Tokyo and Yokohama the period of (earthquake motion at certain 
|)la(‘es has a definite fixed value, especially in earthquakes of short 
pt^riod vibration less than one se<‘X)nd. The uppermost soil layer 
.u ts as an oscillatory body with its own period of vibration nridor 
tlie effect of (earthquake waves of similar period. Tlue natural 
j)erio(l of tln^ ground around Tokyo varies from 0*7 secs, for alluvium 
to 0*3 secs, for more compact rocks. The ordinary Ja])anese 
wooden two storey house has a natural period of 0*3“ 0-7 secs., 
while for low brick buildings it is 0*1 -0*4 S(M‘,s. Hence in the 1923 
earthquake, wooden houses were more damaged in soft alluvium, 
and brick houses on more compact ground (Nasii, 1935, p. 3). 

Foundations . — Foundations muvSt niceive first consideration in 
l)iiilding ('ionstruction. The high c,ost precludes the use of the 
more earthquake proof types of foundations in residences and 
J^ucli smaller buildings. But even so there is room for much 
improvement over the older type of foundation*, and it should 
be insisted upon that in buildings north of the Ganges foumiations 
niijst be strongly tied together, thus making the structure vibrate 

a single unit and preventing also any tendency to spread during 
^he shock. The necessity for reducing, as far as jicssible, the 

n2 
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prepsvre ptT square foot on the foundations is obvious. 
to the weight of the overlying structure, it is doubtful w]ut1‘or 
the type of ingenious foundation in which the wall foundations 
rest freely on a shingle bed wouhl be more efficient than the above 
well-tied type of foundations. 

For heavy buildings the foundations should receive partirular 
attention. The amplitude of vibration in soft ground is groat, 
and in heavy buildings, especially, it is necessary to reduce its 
effect. In the slump belt and epicentral tract of North EiLar 
the massive reinforced concrete foundations of some of tlie sugar 
mills have been tilted and even badly cracked. So far as (oiild 
be seen the materials employed were of high quality. It may 
be doubted if even the most ideal foundaticn, placed on soft alluvium 
containing water-logged sands in the epicentral region of a swiic 
cart}i((uake, could escape damage entirely, in some cases by tiltiiig, 
But this is no argument for dispensing with good foundations for 
important buildings, and without such foundations the buildiii^*.^ 
would suffer much greater damage and the mortality would Ic 
liigher. This question of mortality is only too often overlooktd 
in discussing the comparative costs of improved designs. Ke 
design and no legislation can be made to apply to the highest /ones 
of damage in alluvial country. The general principles coneeiDin^ 
construction in seismic regions have to fxpply to the type of (luiejiyi' 
to which the greater part of tJiese regioijs are likely to l^e sulijedni. 
not to those smaller areas where a condonation of faetois lesiilis 
in abhornia] severity. 

A irorrnal well-tied foundation should serve for single stciey 
buildings of no great beight, even whcie the building ooveis a 
considerable area. lligli ]>uil.(lings, or those of more tlia!i an*' 
storey, sJiouId be avoided noitli of the Ganges, bnt if n('<<‘s^an. 
and, particularly where they are likely to contain a huge mimbai 
of people at any time, there should be some insisteme lluit lb' 
structures must rest ou some suitably d(asigned form of S(»li<l m- 
inforced conciadc foundation, forming a platform below lie* 
Imddiug. 

General design , — Buildings sliould be of simple design, the pari-' 
so well- tied and tlie whole stnadure so rigid tliat it would nani 
as one unit to earthquake waves. Tlie several parts of 
buildings do not syndironise during a shock, and sever^^ 
are set up between the individiia] units. These remarks a]-]!' 
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(specially to high structures, e.g,, a church steeple erected on a 
tower is frequently destroyed from the base of the steeple ; the 
tower and steeple each have a different vibration period and, with 
Opposing directions of movement, the acceleration can be doubled. 

Buildings should be kept as low as is conveniently possibb?, 
(oinpared with their lateral dimensions. The object should be to 
k(M‘p the amplitude of vibration as low as possible at the highest 
]>arfc of the structure, and so reduce acceleration for any parti- 
cular period of vibration. In badly constructed buildings tlic 
motion increases with the lieight, but in well-designed and well- 
built structures the motion is the same from top to ground level. 

In this report we have mentioned that the maximum ac(‘;olcra- 
tioii was about 10 feet per sec. per se<\ Notwithstanding that the 
;u u(‘l(U’ation during earthqua.k(^.s in (>tlu‘r parts of the worLl 
frocpiently approaches this figure, legislation in Japan and New 
Zr^aland stipulates that designs must l)e suitable for an accclera- 
l;ion of 3*2 feet per see. per sec. i.e,, one-tenth g ; in other words, 
iho total horizontal force at any horizontal jJarn? must not ])e, 
greater than one- tenth the total weight of iJu' structure al)()V('. 


the plane. For such structure as colunms and bridge^, pieis W(*, 
would suggest allowing for the higher figure. whercv(;r possible. 

Buildings of irregular sUa])es, with wings, protruding verandahs, 
|i'>rr.lu\s, etc., liavu'i invariably sulTiu’ed. The sanu' a[)])li(is to build- 
iugs to which additions have been inacle by the abntting of new 
walls din^ctly, on earlier ones, without dovetailing. The wlioh^ 
buililing sliould forjn one unit. Verandahs and porches s1\ouhl 
tioi consist of a series of iiulependent pillars with a roof resting 
on top. l)u.t sliould be integral parts of the building. If it is im- 


possible to avoid having adjacent structures of different 1 mights 
^uid different periods of oscillation, they should be separated beyond 
the range of collision, and connected by lighter more fragile struc- 
tures, in which the damage may be safely concentrated. 

Itxcrescences such as towers, turrets, pinnacles, etc., arc dan- 
gerous both to human beings and to buildings, and should he 
avoided. Flinisy parapets, balustrades and similar structures have 
e a used death to many. 

\Undows are a source of weakness to l>uildings and a more 
'^aielul and better spacing should be attempted. Windows sliould 
VV’ from, outer corners of Iniildings as far as }>ossiblc. 

w «ireas should be compensated by strongiu' intervmiing 
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Hoofs . — Jt has been found that heavy roofs were frequently tlie 
cause of serious damage to buildings. During big vibrations tLe 
inertia of such roofs breaks up the walls on which they rest. Flat 
roofs, therefore, should be made as light as possible, and the junc- 
tion of wall and roof reinforced in some way. Koofs made of 
reinforced brickwork are lighter, stronger and more graceful than 
the old type of clumsy and heavy roofs on beams and rafters. The 
use of flat tiles instead of bricks, where beams and rafters are used, 
is advisable for flat roofs. Light tile roofs appear to have caused 
the least damage where the tiles were securely fastened. 

Sharp gable ends, so characteristic of churches, should ])c 
avoided. During an earthquake they sway considerably and, aided 
by the thrust of the roof, collapse easily. Hip roofs are preforahle 
to gables. 

Arches, — We do not recommend the use of arches in doors, 
windows and verandahs ; during a tremor they are the we«nhest 
part of any structure and the first to go. Jack-arches supporting 
roofs sometimes escape, but are as often craciked along their centres. 
If use is made of jack-arches, it is advisable to employ tic-rods to 
hold together tlie different spans. Bricks in these archc.s should 
bo staggered and not set in a linear arrangement. 

Solid reinforced lintels over doors and witidows are preferaldc. 
Wherever possible, lintels on each floor should be- of tlie same 

height and should be carried around the walls as a single i)aml. 

Chimneys. — TaU chimneys in factories should not be of !)riek- 

Steel or reinforced-concrete chimneys can pass safely through seven- 
earthquake shocks. 

Quality of materials. — Perhaps the best advice we can give is 
that close attention should be paid to the quality of building mate- 
rials, particularly to mortar. Unfortunately the standard of bvioks 
and mortar used even in public buildings in India is often not as 
high as it might be. The example of some of the newer railway 
buildings i.s well worth following. 

In the case of concrete, the panelling should be constructed at 
the same time as the framework in order to ensure good bonding- 
Sugar mills should be of steel framework, i)referably covered wdh 

corrugated iron or other light material. We would suggest that 

houses erected along the Motihari-Sitamarhi-Madhubani-Purnea belt 
should be built of steel or timber framework ; structures of this 
type, carefully designed and conscientiously erected, can be as per- 
manent and cool as masonry. 
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In conclusion it may be pointed out that our remarks in this 
section apply mainly to the area north of the Ganges and to the 
vicinity of Monghyr. Otherwise we see no necessity for any 
drastic changes in building design to the south, although an im- 
provement in materials is desirable. 

Roads. 

A minimum standard width for bazar streets should be insisted 
upon wherever possible. This will depend upon the lieiglit of 
buildings erected. The reservation of open park areas within 
crowded bazaars is as desirable for health reasons as for earth- 

(piake escape purposes. 

No advice can be offered about road construction but we would 
remark that the occasional practice of digging deep ditches alongside 
them is frequently the cause of subsidence of the roads. Ditches 
preferably should be shallow. 

Bridges. 

During a severe earthquake in alluvial country, river banks 

ieiid to close in ajul their bottoms to rise up, as a consequence 
of the g(5neral tendency towards the suppression of surface features. 
No type of structures can withstand such movements, where it 
is severe, without some damage. 

Brick arched culverts and bridges have been damaged most 

severely and this type should not be built north of the river. 

For road bridges screw-piles have proved the most suitable. 
Biles tend to move up or down during the shock, and movement 
of the banlc tends to bend the piles over. Movement along the 
stream bed may also displace the piles. After the Bihar earth- 
quake, although pile bridges were acutely distorted they were in 
almost every case negotiable by tralUc. Although easily damaged 
they can be readily dismantled, straightened and rebuilt. 

Frequently it is of course necessary to construct bridges of 

steel girders resting on masonry piers. The weak points in this 
type are the piers and abutments. Nothing can prevcuit their 
tilting or displacement in a severe shock, but piers should be de- 
signed if possible to withstand an acceleration of 10 feet per sec. 
per ,sec, from any direction, that is, their width at the base should 
lie one-third of the height of the pier. Girders should also be 
designed to withstand sucb an acceleration. 
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Conclusion. 

Wc have advocated the control of building construction in 
Northern India by some form of building code. It is not within 
tlie sphere of the geologist to discuss the engineering details of 
such a code, Imt in the foregoing we have outlined several of tlic 
more prominent features of buildings which might be avokhid in 
order to design earthquake-proof structures, and we have drawn 
attention to them also in order to emphasise the fact that much 
can be done without the outlay of any considerable expenditure 
over that usual in building construction in India. 

The compilation of such a code should not be a difficult matter. 
Wo already have the codes of several other countries to use a.s u 
l)asi.s. Conditions of building construction in India are, of course, 
somewhat different from elsewhere ; indeed, the kulcha and kutclui- 
pmca buildings are unique to India, but it would be neces.sary 
merely to extend these other codes to embrace these typical Indian 
structures. It would be a simple matter for a representative, 
committee consisting of engineers, an architect and perhaps a 
geologist to draw up a general code. 

It is often said that, in a country such as India, the enforce- 
ment of a building code would be impos.sible and might also impose 
hardship on certain classes of people. So far as private buildings 
ar(! concerned local municipal authorities (;ould have the necessary 
control in larger towns, and in villages with their simple houses 
the local thanas could exercise the necessary elementary super- 
vision required. No such control would be riecessary in eitlier 
I*. W. 1). or railway buildings, but the code would provide a valu- 
able basis of design for the engineer and architect. 

It has also been remarked that as one hundred years have 
(dapsed simm the la.st disaster in this same region, such an iiitei val 
between earth([uakes does not warrant any special legislative moas- 
iires. If the Bihar disaster bad been at night with the deaths 
running into hundreds of thousiinds, as they might well have been, 
it is doubtful whether such an excuse might have been advaiiced 
The next shock may be at night, and, without such Icgislatiou, 
the mortality may quite easily attain appalling figures. Eveu if 
such long quiescent periods are worth considering in this matter, 
we cannot be suxo that such lengthy intervals as one hundred 
years will be experienced in the future. We can only advocate, 
for the sake of posterity, that within the whole of this .scisuiie 
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|)cli of Northern India, all that we can do for reducing mortality 
and damage in future earthquakes should be done. Leprosy is 
not a common disease, but the medical profession has done its 
utmost to eradicate it for the sake of humanity. Great earth- 
(|uakes are not a daily disease of any part of the earth’s crust, 
but it should be our duty to do all that we can to reduce its clfccls. 
I'uless this matter is looked upon in a broad way, posterity may 
vi't look back upon our short-sightedness with regret. 

In the Quetta area an excellent building code has recmitly 
boeii drawn up, and reconstruction has been rigidly enforced in 
Putns of that code. Such enforcement is, perhaps, oa.sier in smdi 
;i military area, but at least Quetta provides an example of the 
praeticability of a building code and of its usefulness. It is, per- 
hiips, not too much to hope that the rest of Northern India will 
some day follow Quetta’s lead. 

This brings us to future research in India on earthquakes, and 
the desirability of creating a small Government department whose 
whole time would be devoted to the study of this subject. The 
sttidy is too specialised to be regarded as requiring merely the 
(Mcasional attention of two such departments as the Meteorological 
Department and the Geological Survey. The whole study could 
1)13 more thoroughly and authoritatively studied by whole-time 
speeiiilists. There are two lines of investigation awaiting such a 
(Icpartinent ; — (a) the prediction of future earthquakes as to time 
and place and (b) the means of minimising the effects of these earth- 
qiiake.s. Even if we were ever successful in the study of the 
former 'inve.stigation, the latter line of enquiry would always be 
the more important. We have akeady emphasised the importance 
of a building code in this matter, but the special ISeismological 
Department which we have suggested woidd be responsible for 
obtaining information of acceleration, etc., of earth waves in future 
'■artluiuakes to aid in improvement of structural designs. 

Th('re arc not to-day sufficient delicate seismographs to record 
tho noiinal tremors, but we need particularly a large number of 
a type, of more rugged and less delicate instrument to record 
till' .severest earthquakes, and placed at specially selected stations 
throughout Northern India. Until this is done we cannot advance 
further in our investigation of these great disasters in India ; we 
hav(! gone as far as it is possible to go with the means at our dis- 
posal. 
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part il— detailed account of the earthquake 

EFFECTS. 

SECTION A.-~-EYE-WITNESSES’ ACCOUNTS. 

CHAPTER XI. 

INTRODUCTION. 

(J. A. Dunn.) 

Some explanation is necessary of the reason for the lengthy 
description of the earthquake effects which is provided in Part II. 
It is becoming apparent from the study of successive earthquakes 
of recent years in north-eastern India that, even within the broad 
belt liable to severe damage shown on Plate 5, certain places are con- 
sistently liable to experience a severe shock, whilst other adjacent 
localities may escape relatively lightly. Severity of damage is not 
ciitineily a fimetion of distance from an epicentre but is seemingly 
dependent on local surface and crustal peculiarities. We may 
not be able to appreciate entirely the sub-sniface features which 
govern shock intensity during any earthquake, but vv(‘ should, if 
sufficient evidence is accumulated, be able eventually to determine 
those places which suffer consistent severe damage and tliose which 
escape lightly. Only detailed experien<*e of a large number of shocks 
can ultimately demonstrate the areas of comparatively great and loss 
damage. During the course of our survey of this earthquake we 
tried to obtain some idea of such intensity distribution in the past, 
but, except for a few principal towns, the information is sadly deficient. 
It is our object to supply this information at least for this earth- 
quake, so that for future shocks a more detailed comparison can 
he made from place to place. 

We have commenced this des(?ription by fjuofuug from the 
reports of eye-witnesses who were, at the tiine, out in the country, 
away from the larger towns in the opicentral tra(;t. These reports 
Jue of interest in that they give such a fine pic'ture of the shock and 
the unusual ‘ atmosphere ’ which naturally followed the catas- 
trophe. 

Next follows brief accounts of some road and railway traverses 
Wiade by the authors in the central region, connecting up the damage 
etween the several towns. Chapters XIV to XXIII describe the 
amage in the principal towns and larger villages of isoseismals 
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X to VI in turn, from the notes of the authors, ^ In describing 
the damage within isoseismals X and IX the effect on certain of 
the principal buildings in each town is noted, but for isoseismals 
VIII and lower, the description of the damage in each town is 
generalised. The descriptions for the lower isoseismals given in 
Chapters XXIV to XXXI are from reports «ubmitted to the GcO' 
logical Survey in reply to the questionnaires. In each isoseismal 
the localities are arranged, as far as possible, from west to east. 
The reports which have been abstracted here form a comparatively 
small selection from the large number of those received, and are 
confined to the more important centres. 

The description of the earthquake effects in Nepal has been 
grouped into a single final chapter as this is a distinct region which 
would be difficult to include within the sequence of the account for 
Bihar. 



CHAPTEK XII. 


SOME REPORTS BY EYE-WITNESSES. 

Tlie first report selected is that by Mr. C. H. Gordon, General 
Manager of Sursand jRaj, who was driving within the central part 
of the epicentral tract. His account gives a fine picture of the 
fountains of water which dotted the country-side and the state 
of the country in general. Mr. Mansfield, Collector of JJhagalpur, 
was on tour near the Balan river at a point on the easterly exten- 
sion of the epicentral tract ; his tour diary is remarkable for the 
impression which it gives of the unusual ‘ atmosphere ’ created by 
the conditions following the earthquake. The final report by 
Sir J. Williamson describes the difficulties with which the railways 
had to contend. 

Mr. C. H. Gordon’s account of the Earthquake. 

I had lunched at Belfiand Factory some thirty miles north of Muzaffarpur, 
leaving at about 1-40 p. m. by motor for my own place thirty miles to the east, 
though the first five miles or so of the road lay north. I had gone about seven 
miles. Going cast now, a little after 2 o’clock I should say, my car suddenly began 
to rock in a most dangerous fashion, the motion appeared to bo from the right 
back wheel to the front left wheel, or from a south westerly direction. Owing 
to the sound of the engine I noticed no noise, but was told such was heard from 
the west, a deep terrifying rumble. As the rocking ceased, mud huts in the village, 
on either side of the road, began to fall. To my right a lone dried palm trunk 
without a top was vigorously shaken, as an irate man might shake his stick, then 
water spouts, hundreds of them throwing up water and sand were to bo observed 
on the whole face of the country, the sand forming miniature volcanoes, whilst the 
water spouted out of the craters ; some of the spouts were quite six feet high. 

In a few minutes, on both sides of the road as far as the eye could see, was vast 
expanse of sand and water, water and sand. The road spouted water, and wide 
o|)eniiigs were to be seen across it ahead of me, then under me, and my car sank, 
while the water and sand bubbled, and spat, and sucked, till my axles were cover- 
ed. “ Abandon ship ’* was quickly obeyed, and my man and I stepped into knee 
deep hot water and sand and made for shore. It was a particularly cold after- 
noon, and to step into water of such temperature was surprising. 

It was distressing to see the villagers, running some east some west, others to, 
others from their fallen homes, wailing and beating their chests. 

In less than half an hour I should say, the water spouts ceased to play, though 
water oozed out of the land and trickled from the mouth of the lesser sand heaps. 

^he Raja of Parsowni living two miles away, very kindly sent a man to accom- 
pany me to his place. Persuading some passers-by to take some of the luggage 
Gripped, and skidded, and waded to Parsowni, to find that the Raja Sahib’s house 
was flat with the ground. 
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Being unable to get coolies to go further, and this was but natural conf^klprin^ 
the circumstances, I waited with the Raja for some time. His camp being aJon^. 
side the main road, we heard from passers-by who had run in from long distancps 
that the same conditions existed in the direction from whence they had come. 
Refugees from Riga, nine miles to the north, told the sad tale of the collapse of 
the Riga Mill and of many lives lost, but the latter information I am glad to sav 
was found to be greatly exaggerated. These men also reported that the railway 
line had been badly damaged. 

It was now bc^coining dark, and about 5-30 p. m. I was able to start to walk to 
Belsand. The road I had but a few hours before driven over did not onlv 
sand heaps and flowing water, and pit-falls. It was a perilous journey, no on^ 
could have believed that in a few minutes so great a change could have taken placr. 

I plodded three miles when my host’s ear met me, it could not have possibly 
gone further. On arrival I found Mr. and Mrs. Dobson encamped under a tree, 
their lovely bungalow having fallen in, A roaring camp fire and tinned and bottled 
provisions were a consolation. 

In the morning, on visiting the bungalow, it was a sad sight that one beheld. 
The roof of this old Dutch building had sat down flat, the walls and pillars, some 
lying down, some reclining, suggesting weariness after two hundred years of stand- 
ing. The lawns that had been for years the admiration of many, were now' mostly 
sand dunes, while ugly gashes some three feet wide at short distances disfigurpd 
its once beautiful face. 

We were marooned, and if- was impossible to get- or give news. The Pn«t. and 
Telegraph Offices looked like mushrooms that had been trodden upon, there w^re 
no roads, and no men w'ere available to go anywhere. On the morning of the IStli, 
I was able to get a palki and twenty-four carriers, and I ventured out to go thirty 
miles to my home. En route, I dug out my car with the help of forty coolies and 
it took nearly two hours ; bridges were down on both side^ of the car, so it had to 
be left in the care of an Indian whose house was on the road-side. It was tift^m 
days befonj I could reclaim it. 

As I proceeded, sometimes being carried, sometimes walking wh(?re coirdiiions 
made it hard or difficult for the carriers, the scene was just as it was where 1 bad 
been caught in the earthquake ; it proves that what I had witnessed at tho tinif' 
must have taken place all over the country. 

While fording two hill streams that come down through Nepal, they were in 
flood, high flood, and the water not merely cold but iced, indeed the fall in 
temperature was noticeable as one approached, this surely pointed to hapj>onings 
in the mountains and snow ranges. 

I arrived at Sitamarhi at about 1 o’clock, to find it lying in the sirects and 
by-lanes just a mound of bricks ; up to that time, two hundred dead and dying 
had been unearthed or imbrioked, and more were being taken out. Had th« 
calamity occurred at 2 a. m. instead of 2 p. m. one shudders to think of the oonfw* 
quences, particularly as it was winter time when folk are closeted within their 
houses. 

The hospital had fallen killing every patient, except one who had a fracture 
of the skull and both legs broken. The jail walls had fallen and every prisoner 
had escaped. The Government Courts and Magistrate’s bungalow were down 
In my thirty mile trek, five bridges had collapsed and numerous culverts, and there 
were cracks across the road of great width. 
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Jarrived home at 8 p. m. having been thirteen houre on the road, to he informed 
that the bungalow had been laid low, my servants and furniture, ete,, on the lawn. 
As there was no bed for me I slept in the palki after having dined on fresh air and 
stale eggs. 

In the morning it was a sad sight, the bungalow had sunk down on one side, 
with gaping cracks running right through the rooms and walls looking as though 
they might come down during any one of the tremors that were being felt, as indeed 
they did. 

I was not alone in my compound, for I found scores of refugees from our little 
town or bazar, the buddings of which had fallen about their ears. They were 
encamped in shelters of bamboo, and chadars, and old bags, with goats and cows 
as companions. I was besieged with questions, “ Will it happen again ”, “ What 
are we to do ”, the sorrow and fright expressed on their faces was depressing, but 
one bad to give them heart and appear collected. For twelve days all communica- 
tion with the outer world was impossible. No roads, posts or telegraphs, and 
railways but twists and hair-pin bends. 

Stories of the experiences of some are too pathetic to mention, though on the 
other hand one man who fell into a crack and was disappearing, was suddenly shot 
up with a volume of water that Wched out of the crack, describes one of many 
I ucky escapes. 

Many of the wells in the villages have been entirely filled with sand, and of 
the large tanks, some are sand areas, and in othf^rs the depth was considerably 
shallowed by sand deposit. 

Tour Diary of Mr. Mansfield, I.C.S., Collector of Bhagalpur, 
January 15th— January 20th. 

J5th January 1934 . — Walked to Nauhatta, and thence by foot and elephant to 
Hukania and out to Dharamgachhi (in Darbhanga) for the Tiljuga enquiry ; tlie 
Collector of Darbhanga and the Superintending Engineer were both there. An’ived 
about 12, after crossing the Tiljuga on (dephants, in the ‘ bottle neck ’ at a point 
just south of the temple, which formed a conspicuous land mark for miles. The 
space betveen the embankments is not, as 1 pictured it, an open 8pac;<i, but full of 
dense grass and scrub jungle, full of nilgai and pig. After lunch the three of us, 
with my wife and Mrs. Hall, and the Banaili Engmeer, set off on elephants to see 
the country above the bottle neck, and the Balan embankments. Wo crossed the 
Meaiernmost embankment about half a mile above Dharamgachhi and crossed the 
Balan river, which was up to the elephants’ bellies. When we had gone 100 yards 
mto the jungle, the leading elephant stopped with a jerk, and turned round, and 
^0 did the others, and appeared to be in great fear. As the mahout said afterwards : 

the thought of charging away in terror had come into their hearts ”, for as they 
stood we heard a rumbling soxmd, like a storm in the distance rushing towards 
^8 ; eventually one elephant was made to kneel, and one of us got off and could 
hM}! the earth shaking, and we then realised there was an earthquake. We jumped 

one by one, as soon as the elephants could be got to kneel, which was not done 
Without difficulty, the elephants being bunched together on a narrow path. There 
We Were crowded together, with the elephants almost on top of us, with the thought 

stampeding still in their hearts ; but fortunately, they and the mahouts were 
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stout fellows, and they did not bolt. Then w© heard a shouting behind us, and 
people Game running to us, who had followed us through the river, shouting: 
“ The water is coming, the water is coming ” and charging on towards a yillage a 
little way ahead. They said the water had suddenly welled up in the river, and 
then sunk away, as if the bottom of the river had opened and one man said he 
had come through almost dry shod I Certainly his feet were covered with mud, 
but his legs were dry. Wo then decided it was time to get away from the river 
bed and on to some higher ground near the village, so started to move on to the 
village. I was still sceptical of the reports about the rising of the river, but after 
we had gone 200 yards or so, we saw water bubbling up through the earth in dry 
fields in front of us — and as we searched for a way to get round it, water bubbleii 
up in other fields as well, until at last it seemed to be all round us, and the only 
way was to go through it — only angle deep at the time, but one never know whether 
one’s foothold was going to turn out to be a quicksand, or even a chasm — for the 
water was all charged with sand and earth, and was black in colour, while, over 
everything there was a sulphurous smell. To add to all the excitement we had to 
plunge through clumps of bamboos, and all the time felt we wanted to get on and 
out of the bod of the two rivers between the two embankments. Presently we 
came in sight of the village, and there we saw water bursting out over the top of 
the village well, which was itself raised above the ground. By this time we had 
got on to a small embankment, but when one of us tried to go along it, it could be 
seen to shake and quiver under him, and wo decided not to try that way. The 
question then was which way to go, and after some discussion, it was docidi^d to 
go through the village, and up the Balan to a place where there was a ferry, aiifl 
so back to camp, a four or five mile walk. We walked through one or two villages, 
where several houses were down, and where the water had bubbled out of the earth 
and through the streets and over the fields, depositing a quantity of black sand on 
the way ; but the water was now sub.siding. Before Ave reached the ferry wo met 
a man who had come from across the river, and he said that the ferry boat was 
sunk, and he had crossed at another place by a tempo|ary bridge, which was a 
foot under water. Wo eventually reached this bridge, and by the help of the 
villagers and hanging on to each other, managed to get across safely, though it 
was rather trying to go along a few narrow bamboos, which one could not seo under 
the black w'ater. ' From there we had a two or three mile walk back to camp, and 
the question was should wo find the camp standing. Some said it had all fallen 
down and was flooded. When we got to it we found it was flooded, one tout down 
altogether, and another one with a great seam in the ground down the middle of 
it, through which water had spouted several feet high and formed a flood about a 
foot deep, whose marks were still on the tout walls. Fortunately Preston had an 
extra supply of bedding (our own carts had been caught by the earthquake whon 
two cart-loads had crossed the river, and one was still on the way across, and they 
had all gone back to Bakania) and so with Freston’s help we spent the night warm 
enough, in three small tents isitched on a bit of dry land, while the servants occupie^l 
tents on another patch. We were fairly cheerful, as we thought it was all over, 
and that it was a local affair, due to the thinness of the earth’s crust in this purely 
alluvial plain. 

But the night was disturbed by the elephants tethered near the camp, which 
had got back to camp by wading through the river, and had their evening 
off branches of the neighbouring trees, and by further distant rumblings of the 
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earth— which some of us professed to hare slept through. Next morning news 
began to filter in saying that there was a lot of damage in the neighbouring villages 
imaiediatsly to the west, and not quite so much damage to the east, though we 
couM see for ourselves that the temple which had formed such a conspicuous land- 
m the morning, had fallen. 

As soon as wo could get transport coolies wo set off, three of the party to the 
west towards Darbhanga with two elephants, and myself and my wife to the east 
with two elephants. We crossed the Tiljuga by a boat, and presently came up 
with our luggage, which had been left behind the juovioiis day. There wo sorted 
out our things, and putting our most necessary baggage and some cold food with 
a small tent on one of the elephants, and taking four or five coolies, we set off on 
the other elephant to Nauhatta, our other baggage following behind on carts. 
Tlio most trying part of the journey on the elephants was in crossing several de- 
pressions and patches of water, which were deeper than they were when we passed 
them the day before, where the elephants went very gingerly, in case any crack 
in the ground should be there, hidden by the water. Every now and then we felt 
more shocks, one at 11 and another at 12 ; and we passed great cracks in the ground, 
wliich seemed to get worse and worse as we approached Nauhatta. Water was 
still standing in many of the fields, and it appeared that the surface of the earth 
Wvos a series of shallow waves, about a mile or so from crest to crest, the tops of 
the waves being more or less dry, though split in places, and the doprossions being 
filled with larger cracks, and covered with shallow water. Near Nauhatta we 
met Hf)od (assistant manager of the Banaili Estate) who was coming out to see 
what hud happened to us. He told us the bungalow at Nauhatta was cracked, 
all the brick houses down, huge cracks in the ground, the temple tilted and crooked, 
and at least one person killed by the fall of a wall. We preferred walking to going 
on an elephant, as tremors were still going on, and on those occasions you fool leas 
safe on the back of an elephant than you do on the ground ; but sometimes wo 
had to ride, to save our legs for a long journey, and to get dry shod through the 
patches of water. By ndW" we knew that the railway was out of order, and the 
telegraph w^ires down, and began to fear that the earthquake was much bigger than 
we at first thought ; in fact a peon soon arrived bringing a message, which had 
somehow come by wire from Madhipura, saying all the public buildings there were 
damaged — 20 or 30 miles away from us. Wo reached Nauhatta and explored the 
village, and sure enough there were cracks and holes through which the water had 
gushed up big enough to hide an elejihant, or almost two. Houses down in all 
directions, and in one place a wide slab of earth had sunk a whole foot below tho 
rest. Here, os in other viUagos, the wells had bocorao filled with mud, and wo had 
to warn the villagers to be as careful as they could, and use tank water for all pur- 
poses except drinking, and reserve the well water for drinking. At Nauhatta we 
had some food, about 2 p. m., and then being disappointed in our hope that a car 
could reach us there from Supaul (10 miles on), we decided to push on on borrowed 
bicycles, taking our necessaries with us on a new relief of coolies — for the elep>hants 
tired, and at any rate wo were tired of going on elephants. At last we collect- 
ed coolies and bicycles and set off, and when about five miles from Supaul were 
relieved to see the Subdivisional Officer coming out in his car to fetch us. We 
^ut back with him along the road as far as we could, a mile or so, and waited a 
abort time unial the oooUee turned up ; then we loaded the luggage in the car and 
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returned to Supaul. At Sukhpur the damage seemed to be as much as in Kau- 
hatta ; but near 8upaul there was not much water about ; nor was there much in 
Supaul itself ; but many houses were down, and there had been one death. People 
w^ere preparing to spend the night in the open, though there had been no tremors 
since about noon. 

The bungalow at Supaul was cracked and unsafe, so we had a small tent pitched 
and presently another tent appeared ; and as the Commissioner’s servants were 
there we had a hot dinner instead of a cold as we had expected, and the first hath 
for two days. We spent a less uneasy night than the last. 

Next day all seemed cleared off ; T walked round the public buildings, all of 
which are cracked and many of them quite unsafe — the court, the registry office, 
the school, the jail — all. In the jail I had to give orders that the prisoners should 
not be locked up in the wards at night ; for in some buildings the doors were shut, 
were jammed and could not open, and we could not run the risk of prisoners lx 
inside a locked and jammed building. At the hospital patients were in the open, 
and a tent was therefore put up to accommodate them. By now rumours bt aan 
to filter through of disasters at Darbhanga and Muzaffarpur and Monghyr. At 
Monghyr, the rumour came from a man, who was said to have come from there 
by a bicycle, that the whole town was flat, and 7,000 or 8,000 people wea* (lend. 
Even allowing for exaggeration, it was evident that there was an appalling calaniity. 
At the station we heard that the Sonepur bridge was, damaged — opposite Patm 
so God knows what can have happened at Patna. Even now — the evening of the 
17th — we do not know. These reports, with occasional tremors still going on. 
make us feel depressed, to say the least. After lunch, and giving some imsinic. 
tions to thti Subdivisional Officer we went out a few miles to the east on bicycles. 
Mine was too small, and after a bit I preferred to walk. For a few miles ( ust uf 
Supaul there are few cracks in the ground, but pukka houses are damaged. The 
sugar factory is badly damaged and the verandah has come completely away from 
the Campbell’s bungalow. Further east the cracks in the ground and the \V!itci> 
spouts increase again. After getting back to Supaul I held a meeting of the local 
people and the salt and oil dealers, who agreed to a system of control of priie.s hv 
the vSubdi visional Officer. The prices of oil and salt were fixed, stocks \^'ero to 
be reported to the 8 ubdi visional Officer, sales to people in the town were not to 
exceed J seer salt and one bottle oil, and sales to people outside the town could Ik^ 
made in larger quantities only on the order of the Subdi visional Officer, who wouhl 
only give that order when the applicant agreed to sell in turn at a fixed i)rice. \\c 
went to see the patients in the hospital, who are now sheltered in a large tent. 
The 2nd officer returned from near Pratapganj, and reported similar conditions up 
there. Spent the evening making arrangements to depart early next dnv . die 
route being through country of wdiioh the condition was not known. Kc< civt'(i 
definite news of Bhagalpur for the first time to-night ; viz» a wire to some private 
person saying there M^ere “ great troubles ” there, and a constable, who had returned 
from there tm Mansi, and reported 100 deaths. Had I known the earthquake bad 
affected Bhagalpur badly I would have returned earlier, and if I had known 
were running from Mansi, I would have gone that way. But having arranged 
transport to Madhipura and wired to the Subdivisional Officer that I was miwiiLf- 
1 decided not to alter my plans, especially as I was anxious to see the state of affairs 
at Madhipura. 
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2934, Up at 6, but it took 2 hours to collect the necessary coolies 
an<i to get the loads sorted. Left at 8 in the Subdi visional Officer’s car, which 
took tis to Uhimra, whence we had to walk 3 miles to the level crossing at Jagatpur 
(the coolies having come 4 miles along the railway). Thence wallced to Laukaha, 
where fortunately the villagers were helpful. They soon provided a couple of fa.st 
bullock carte, and the coolies cheerfully undertook to go as far as I required, pro- 
vided they were fed, and food was fortunately available at a bazaar a couple of 
luilcH on. After halting an hour we went on, across country which is affected, hut 
not so badly affected as Nauhatta. Near dogbani met a Head Constable and a 
peon, who had come from Madhipura to meet us (my wire had reached the Sub- 
divisional Officer only about 10 a. m.). Eventually reached the Kosi and got a 
boat, and arrived at Madhipura at 6 p. m., having done 20 miles by foot, bicycle, 
cait and boat, besides a few miles in the Subdivisional Officer’s car. Everything 
ha^l gone like clockwork on this journey, which would have been really enjoyable 
if it had been made for any less tragic reason than it was. Consteble Chotoy Singh 
(No. 203) who was deputed to accompany me, did very well and worked cheerfully 
and f said he w'ould be given a good mark. 

Spent the evening walking round the town with the Subdivisional Officer, and 
talking to the people. All public buildings are badly cracked™ much worse than 
at Supaiil -the hospital is quite unsafe and they are unable even to get at the 
medicine. I instructed the Subdivisional Officer to put up a tent, and get some 
medicine from surrounding dispensaries, and start the lK)spital again. Many 
houses of local people have Ijecome irreparably cracked, and 1 understand th(^re 
will Ikj no local objection to shifting the headquarters of the Subdivision. The 
Sulxii visional Officer has already taken steps to control pric(‘s. The town is in a 
miserable condition — water everywhere, and the treasury c^annot be opened. Bui 
there were no casualties in the town, and only 6 in the whole police station. S|)ent 
the night in a tent. 

I9lh Jamvary 1934 . — Up at 4-45 and left at G-30 a. m. for the Ghat, and then 
left in two boats by the Kosi, I was informed the journey to Badla (ahat would 
take 6 hours ; allowing for excessive optimism, I thought it would be 8 hours. 
Actually we never reached Badla, and have now (5 p. m.) changed course to Dha* 
uiara ; even then we shall not arrive till about 9 p, m., and thence will have to 
walk 8 miles to Mansi. Progress is dreadfully slow, and my regret is that I did not 
get any news from Bhagalpur earlier, or realise that it was much worse off than 
Supanl or Madhipura until the 18th evening. I must get back by to-morrow morn- 
ing, whatever happens. 

Continued on 21st January 1934 , — From 6 to 8 j). m. we were progressing pain- 
fully along in the dark, on a very void evening, up a tributary of the Kosi, trying 
to find the railway. The country looked quite desolate and seemed to have no 
habitations at all. Lights appeared in the distance, but seemed to be will o’ the 
wisps, and we began almost to wonder if the railway had ever existed. Across the 
riV(^r we saw houses, and we shouted but got no reply. We poled across to examine 
the inhabitants, and then discovered that the houses were clumps of grass. At 
last we saw more lights, and these turned out to be real, and then we saw the railway 
bridge. We questioned the people as to the way, and found a ferryman ; when 
requested to fthow us the way he said he had not had his meal yet. He was greeted 
^ffh shouts of neither have we, and we have rowed all day ”, and he had no 
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alternative but to come. We now turned into another stream (downstream this 
time) and presently ran into a stout barrier across the river, which held us up. 
Our boat turned sideways on, and our second boat cam© charging into us, and 
there was almost a danger of ending our day’s journey in the cold water. Even- 
tually we got through the barrier of stout posts, and shortly landed at a vilUge, 
whence the road runs to Mansi. Presently we were greeted by a European girl, 
who we found was staying in a Zamindar’s cutchery with her mother. They took 
us in and gave us some hot tea, which we enjoyed at 9 p.m. ; and as we had a 
tiffin box full of food with us we were all right ; and as there was a shop our servants 
and boatmen were all right also. We learnt that there was a train from Mansi 
at 2 a. m. (8 miles off) and I was relieved to find there was a road to it, as I had 
visions of going along the railway line, and having to cross the river at Badla Ghat 
over the railway bridge, which was probably precariously tilted at any angle, with 
no parapet. Wo left at 10, myself and my wife, one servant and one chaprasi, 
carrying one lamp and a torch, and a couple of coats and a blanket, a thermos of 
tea and a largo apple and some chocolate, and accompanied by two men to show 
us the way and to help us at the ferries over the two rivers. The two men, who 
were ferry men, turned back after seeing us over the second river, and we went on 
alone. It was only 4 degrees above freezing point, and we were glad to walk. At 
12-30 wo heard a tremendous shouting in a village, and the earth was felt to bo 
quaking again ; the birds in the trees were disturbed and thousands of crows 
fluttered out with a tremendous noise. Although we wore within 20 miles of 
Monghyr there was not a crack in the road though many houses were down. As 
wo approached the station we heard a train, and our hearts sank, as we had visions 
of spending hours on a cold platform. But it was only shunting, and wo caught ii. 
We began to hear more news, and our worst fears about Monghyr were confirmed ; 
but Bhagalpur news was better, and we heard there were only 6 deaths. In 
exchange we were able to give some news to anxious enquirers about Supaul and 
Madhipura. At about 2 the train started, and the cold was intease. What the 
poor people living in the open with only thin coverings must have suffered, must 
have been terrible. But we were so tired we could sleep under any conditioas. 
About dawn wo reached the Ganges, and wore told the steamer was late and vc 
must wait. But it soon arrived, and was warmer than the train, and we got some 
tea and a curious tasting bun. We landed and found no car had come to meet us, 
as we expected ; and we had to walk a mile and a half home, carrying our lamp and 
our rug and our thermos. Wo reached our house and found tents up and our 
furniture all out of the damaged house, in tents or scattered about the garden. 
We have nothing to grumble at and we have suffered no loss at all. 


Extracts from a report by Sir J. Williamson. 

When the shock occurred, all trains to the east of Gorakhpur automatically 
stopped running ; a number remained stranded for days between stations. Orders 
were issued to run no trains during the night of the 15th-16th ; next day trains 
on the less seriously damaged portions were got through at restricted speeds. Tboro 
were several instances of wagons being thrown off the sidings in stations and cap 
sized. 
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On the 15th one of the principal days of the Magh Mela, accompanied by the 
Traffio Manager, 1 had been inspecting the arrangements at Allahabad and Benares. 
\n hour or 6o after the shock occurred, severe but not alarming at Allahabad, a 
telegram was received intimating the destruction of two spans of the large Inohcape 
bridge over the Gogra near Chupra and we immediately started by special train in 
that direction. On reaching Benares and Aunrihar, as was expected, telegrams 
intimating very extensive damage elsewhere and that the Tiutipar bridge between 
Bhatni and Mau was impassible, were received. On arrival there at dawn of the 
16 th inspection showed that the bridge was safe for the passage of trains at slow 
sped ; girders had been displaced longitudinally on their roller bearings, the piers 
having moved and been displaced as has been found to have happened to nearly 
all girder bridges on well foundations, and that one well and pier had canted several 
inches upstream. 

At Salimpur station where the Barhaj Bazar and the main lines join, bridge 
No. 4 (2/12 ft. girders) has been badly shattered but was quickly cribbed up, the 
lino slewed, and trains got through. Except at these three points, the large Inch- 
cap and Turtipar bridges and Bridge No. 4, little major damage has occurred on 
tlie Doab lines. 

On the 16th accompanied by the Traffic Manager, I wont to Tirhut. Owing 
to the general destruction of telegraph wires, little information except from along 
the main line could be got ; telegrams wore badly mutilated and much of the 
information so gleaned was subsequently found to bo garbled. Even now, nearly 
throe weeks later, authentic particulars about the Darbhanga-Bairagnia and Sakri- 
Jaynagar Sections, are just being obtained. 

I inspected down to Khagaria and then to Sarnastipur and on the 19th managed 
to trolly through as far as Sakri and on the 20th from Muzaffarpur towards Moti- 
hari. From what was seen, a fairly accurate idea of the earthquake action could 
be gathered. 

Of the 2,100 miles comprising the Bengal anti North-Western and Tirhut System, 
it may be said that on 900 miles traversing North Bihar and the eastern United 
Provinces hardly a mile of track was undisturbed r embankments settled and even 
disapparod entirely, the rails remaining susponded ; elsowhoro they were raised 
or shifted many feet laterally. The permanent way even where least distorted 
may bo likened to a construction lino on a high new bank which has passed through 
a heavy monsoon without attention. So severe is the distortion in places that 
a trolly could not be safely taken round the kinks. Not a bridge remains undamaged 
from minor cracks in arches, wing walls and abutments, displaced piers and girders, 
to complete destruction. Training works and guide-banks of large bridges have 
bcfm cracked and shaken. Few buildings remain unscathed ; some, such as Haiya 
Ghat station are entirely shattered, others partially so, and few are without cracks 
and damage of some nature. 

The devotion of the stafif to duty despite the severe norvc-wraoking experience 
they had undergone was very marked indeed. Patrolling was immediately started, 
permanent way gangmen themselves taking the initiative, and very soon trains 
were got through on sections of the main line found safe to run over. 

The Engineering stafif very promptly got going, first of all on the more important 
lines, picking up settlements, straightening and bolstering up damaged bridges with 
Bleeper cribs and packing on piers, adjusting displaced girders, and doing what 
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waa sufficient to get trains through at low speed. The main line was quickly got 
through to the Bur Birdge near Khagaria where passengers are being transhipped 
and from there to Katihar. It will be at least the end of February before traiiic 
can be got over the bridge, one pier of which has sheared in three places ; the ton 
portion displaced longitudinally is really supported by the girders. Arrangenients 
are being made to 8U[)poi't the girders on staging and to dismantle and rebuild the 
pier. 

Between Hajipur and Muzaffarpur through running became possible on the 
24th January ; extensive damage has been done between Kurhani and Turki, 

The next section to be got through was from Bachhwara to Saraastipur with a 
lengthy diversion round a destroyed bridge near Pusa Road and thrmigh runnintr 
was re-established on the 27th. 

On the Mansi- Fihaptiahi Section running between Mansi and Saharsa was ojxn- 
ed on 1st February and it is expected to ojKin up to Bhaptiahi towards the end of 
the month. Tht^re are numerous diversions on this section. 

The Saharsa -Oaiiram Madhipura branch is severely damaged and the Tilaway 
bridge destroyed. A train has been cut off on the Daurarn-Madhipura side and 
w^heii the s<iction has been temporarily repaired, probably by the 7th of February 
it will be? worked as a shuttle train with one transhipment as used to be done durin'^ 
the rains. 

Running between Samastipur and Sakri will be resumed about the loth of 
February. Amongst other severe damage on this line, the 100 feet spans of the 
Bur Gandak bridge near Snmastipur and of the Bagmatti bridge, have over-ridden 
the roller bearings and will have to Ire jacked up and adjusted. One pier of the 
Bagmatti bridg(' — the second from the north abutment carrying the 40 feet spans- 
lias sheanid ; this river is now dead — the bed silted up years ago — so that the bridge 
can wcdl be shortened ; therefore the two end 40 feet spans are being removed and 
the embankment carried out to the 3rd pier which will be(‘Ome the abutment. 
Diversions are being constructed round .several other bridges. 

The Sakri-Jaynagar branch has been very sevendy knocked about; at 
live diversions with pile bridges will have to be constructed but it is hoped to get 
trains through as far as Madhubani by about the middle of February. 

Between Sakri and Tamuria on the Eastern Branch, running will also be resumed 
about the middle of February, but further east to Bhaptiahi progress is uncertain 
08 damage is more severe. 

On the Khagaria -Hassanpur-Samastipur line, diversions have been construct ^ 
ed at places and traffic was resumed and communications quickly restored witli 
the exception of tlie Bur Gandak bridge near Rusera Chat several piers of which 
have been fractured and girders displaced. Temporary repairs are being effected 
and it is exj)ected that trains can he crossed over this bridge by the loth of Febru- 
ary which will afford a through route without transhipment from Katihar vw 
Khagaria-Samastipur and Muzaffarpur to the main line at Sonepore. 

On the Muzaffarpur- Bettiah Section damage is very great ; the Dhan:ujti 
bridge, 4 .spans of 60 ft. girders, between Jiudhara and Motihari, as also inanv 
mailer bridges, have been totally destroyed. Diversions are being constructed 
with a large diversion and pile bridge round the Dhanauti. It is, however, hoped 
that trains can be run through to Motihari and Bettiah by the end of Februaiy 
which will re-establish rail communication with the Bettiah-Motihari, Bagaha and 
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Rh’kna Thoi^ lines no great damage was done and over which train services 
been run since shortly after the earthquake. 

^ Communication with Raxaul from Narkatiaganj will be opened on the 7th of 

jc^bruary* 

The Sagauli-Raxaul line is severely damaged especially in the Sikrana valley, 
here the girders of several bridges have fallen and it is doubtful if this Section 
can he re-opened before the monsoon. 

The Captainganj-Thawe and the Ohiipra-Mashrak-Thawe Savan loops were 
i« 0 ,oi)ened section by section with diversions round numerous destroyed bridges. 
Through running of trains was resumed on the first mentioned section on 17th 
.January and on the latter on 2nd February. 

On the 26th January a steamer service for passengers and parcels was com- 
rnonced over the Oogra for the Inchcape bridge between Manjhi and Bakulha 
stations and is well patronised. 

The two 200 feet girders of the Inchcape bridge which have fallen are much 
damaged; it is, however, possible to build up one complete span from the un- 
damaged members to be cut from the two and by obtaining another (jomplete span 
to re-open the bridge before the monsoon. Until the Muzaffarpur-Bettiah route 
is re-opened communications with north Champaran district is l>eing effected via 
the Gorakhpur-Chhitauni Branch with a boat ferry over the Gniidak river l^etvvcen 
{'hhitauni Ghat and Bagaha station. Lines arc being laid in across the river bed 
from these stations on each bank to the main river channel to facilitate iranship- 
irient. 

Needlc^ss to say lines which arc^ being rc-otMUicd arc at present; very primitive ; 
any means available to get trains going at restricted speed have been employed. 
A great handicap is the waterlogged condition of the country, all water levola 
being high, which hanipci-s earthwork, etc. 

As already mentioned, our large stations in Tirhut, Muzaffarpur, {Samastipur, 
Darbhanga, Sakri, Narkatiaganj have stood up well and es(‘a[)ed severe riamage. 
At Muzaffarpur the old engine-shed collapsed, burying a- couple of engines which 
have now been dug out. At 8 amastipur the chief damage in the Locomotive 
Workshop is to the old boiler and blacksmith’s shops, and the Saloon Shod ; they 
will have to be re-built. The Workshop chimney was badly shatt/cred and has 
\mn dismantled ; since the electrification of the shops it has l>een out of use and 
need not be re-built. The end walls of the new engine- shed (*,ollapsod. The con- 
tents of Store buildings Avere thrown about and some kerosene, castor and linseed 
oils lost. 

The water supply and the electric current at Samastipur and Muzaffarpur wore 
internipted but resumed within a couple of days ; repairs had boon effected. The 
h" pumping main fn>m the Bur Gandak at Samastipur was broken in many places 
Hud spigots drawn from the sockets. Muzaffarpur piping was also damaged but 
the deep tube well was not put out of action. Machinery in Samastipur shops does 
not seem to have been damaged. 

At Sonepore the traffic officers’ bungalows and staff quarters, esf>eeially those 
on the north side of the station, have been badly knocked about. 

Everywhere tales are told by the staff of miraculous escaix^s of themselves and 
families staying in Railway quarters. So far as is known at present, only three 
were killed, a carpenter and a coolie in the collapse of the Engineering Workshop at 
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Samastipur and one of the Loco. Staff ; a few have been seriously injured. Many 
have, however, lost families and relatives at their own homes. 

Additional Assistant Engineers and subordinates and Permanent Way rngQ 
have been equipped and sent to the stricken area. Until Resident Engineers and 
Assistant Engineers can devote time to make a detailed survey of the damage and 
prepare estimates — this is now being taken in hand — it is impossible to give any 
close figure of the cost of reconstruction. Several years will be required to reatoro 
bridges, buildings and track to the normal standard. 



cwrTTON B-GEOLOGICAL SUKVEY OBSEBVATIONS IN 
THE CENTRAL TRACTS. 

(A. M. N. Ghosh.) 

CHAPTER XIII. 

road and railway traverses. 

jfgjipur-Mvzaffarjmr.—AlthoMgh. tho railway between these two stations was 
damaged communication was restored soon after tho eaithqnahe. The motor 
road was not seriously affected. The following observations were made partly 
from a moving train and partly from a motor car. 

Both railway and road between Hajipur and Bhagwanpur (16) did not appear 
to have been damaged to any great extent. At the village of Sarai, W. N. W.— 
E S E. walls of houses wore damaged. The wells in this village were not filled 
with sand. Several large isolated patches of sand, silt, etc., were noticed cast of 
the railway track here and there between Hajipur and Sarai and more towards 
the latter station. Thatched huts, as noticed from a running train, appeared to 
bo undamaged. Patches of fine yellowish brown sand and silt were seen on tho 
eastern side of the railway line about a mile south of Goraul. Tho worst damage 
was between Goraul and Muzaffarpur. About 16 miles from Muzaffarpur cracks 
and fissures six inches to 12 inches wide, were mainly parallel to the railway em- 
bankment but occasional transverse fissures crossed the line. Mud craterlets, 
confined to the low lands on both sides, continued abundantly for a couple of miles. 
The diameter of the vents varied from six inches to over two feet. Kurhani station 
was not much damaged. The walls, facing the railway lines, of a temple at Turki 
collapsed. The station building at Turki did not suffer much but cracks developed 
along tho length of the kuicha floor of the station platform and ejected fine silt. 
Along the District Board road abundant sand vents were noticed about seven to 
eight miles from Muzaffarpur and wells were filled with sand, but the road bridge 
about nine miles from the town was undamaged. Two miles from Muzaffarpur 
a pillar fell towards S20°W and its measurements gave an acceleration of 2769 mm. 
p(!r second per second. 

Mr. Chandreswar Prosad Narayain Singh, M.L.C., Chairman of tho District 
Board, Muzaffarpur, was travelling in a railway train which had left Muzaffarpur and 
was proceeding towards Turki, when the earthquake took place. He was rending 
a newspaper and suddenly felt a jerk which was followed by a tilting movement 
and the carriage tossed from side to side. He saw tho telegraph poles bend and 
heard the wires twang. The train stopped and, alighting, ho immediately noticed 
a volume of dust in front of him. Realising that it was an earthquake Mr. Singh 
looked tovrards Muzaffarpur and noticed that the sky was almost red, being laden 
with dust and smoke. The railway lines were buckled and tho direction of un- 
dulation seemed to be north-south approximately. Water spouts appeared, on 
the low lands on both sides of the railway lines, to heights of over one foot. 

'This section has been written with the help of the field-notes of Dr. Dunn, Mr. 
Auden and the author. The portion relating to N. Bengal and Darjeeling was supplied 
by Mr. Wadia in the form of a note. 

( 197 ) 
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Mutajfarpur-Sitamarhi iJoad.— This road was built on an embankment as moRt of 
the surrounding country consists of low lying swamps and marshes. The road 
was so severely damaged that through traffic was impossible for some time before 
the various damaged bridges and culverts could be temporarily repaired. The 
embankment disappeared in places, the road was brought down to the level of the 
surrounding country, and became very uneven and in plac^es tilted. Large arean 
of the surrounding country were covered with water, much of which emerged from 
sand vents and fissures which dotted the surface. The road was, in places, covered 
with a thick layer of sand. Banks of rivers closed in, as indicated by the buckled 
pile bridges. The worst damage was within the first ten miles from Muzaffarpur, 
where the road was often undulating and cut by fissures. Portions of the road 
remained unaffected, as between miles 17-18^, and sometimes even arch and i 
bridges were intact. The last 10 miles to Sitamarhi were not very bad but a con. 
siderablo amount of sand was emitted. A detailed account of the condition of thig 
road, which cuts across the most severely damaged tract in Bihar, is appended 
(mileages refer to distances from Muzaffarpur) : 

0-7 miles. Fissures parallel to the road were frequent, roadway subsided 
at mapy places ; sand vents numerous in the surrounding low 
lands. 

7- 8 miles. Road embankment sank fout to five feet and bt^ttoms of adj?- 

cent jhils were raised. 

8- 9 miles. The road near Dharampur village dropped five feet and was 

two feet under the flood water. 'I'he masonry culvert No. 18 
collapsed, the arches near the middle gave way 'and one of 
the piers sank and was tiltod towards the south-west. A 
girder bridge was buckled up and down and the end pillars 
sank one to two feet, but the middle ones were undamaged. 
The buckling WiiS most pronounced near the centre and tlipre 
was a slight lateral displacement of the piers. 

9-10 miles. Slumping considerable. Screw pile bridge was safe, although 
there were a few cracks in the abutments. Of the ten archf ^t 
of the masonry culvert No. 23, the three central arches col- 
lapsed and the eastern and the western walls were cracked. 
The bridge sank 'towards E. 15”S. but there was no lateral • 
shift. Near this bridge lowland was covered by five to six 
feet of sand. . , 

10- 11 miles. Slumping considerable. The screw pile bridge. No. 27, fared 

badly. The central piers were raised to two to three feet 
above their original positions the girders being bent upwards. 
The northern abutments sank and were more damaged than 
those on the southern side. The alignment of the bridge' 
was unaffected. The masonry culvert No. 28, consisting of 
five 12 feet spans collapsed. The masonry culvert No. 3d, 
consisting of four 15 feet spans also collapsed, 

11- 12 miles. The worst part of the road was at mile 12* At Rampur Hari, 

many mud huts were cracked but only a few collapsed. Several 
pillars of the verandah of an unfinished kutcha-pttcca hou.se 
fell respectively towards N.30°E. S.25''W. and S.30®W. and 
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13- U miles. 


14- 15 miles. 

15- 16 miles. 

16- 17 miles. 

17- 18 miles. 
IN- 19 miles. 

19- 20 miles. 

20- 21 miles. 

21- 22 miles. 
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gave an acceleration of 2,400 mm. per second per second. 
Almost all tlie 'wells were filled with sand. A screw pile bridge 
was buckled up and down. From llj mile onwaixls sanding 
w'as ruinous and thousands of sand vents were noticed in tlie 
low grounds. 

The country on both sides of the road was badly aOected by 
sand vents, and about mile ]2| the road was thrown into 
undulations. 

Sand vents were numerous and the road undulating. The Kbanua 
screw pile bridge was buckled laterally to the extent of fcair 
to five feet in an easterly direction. The central part of the 
bridge sank two to three feet and an easterly sl\ifting of the 
bridge was noticed near tbe northern end. All the pillars 
w'^ere tilted towards the north bank. A pier near the northern 
end of the bridge sank and fissures ran parallel to the north 
bank of the river. The next bridge (over an abandoned river 
bed) to the north was raised. One of the piers of this aban- 
doned bridge lay hidden for years and was exposetl by the 
road sinking about two feet six inches. 

The northern bank of the Bagmati was heavily taiidcd and 
cracks ran parallel to the river Lank. The road was undulat- 
ing for some distance and at mile 14 J was levi llcd with the 
surrounding land. A screw pile bridge was buckled. Near 
the 15th milestone, fissures were both parallel and transvcTse 
to the road and sand vents were numerous. 

Copious sand was ejected on both sides of tlie road. 

The Marni river bridge, 270 feet long, was badly biukled up 
and down and sagged about five fret. Both abutments 
were tilted ; the central pier was ujjright but otlu r juers were 
tilted towards eith(*r bank. Two masonry bridges just beyond 
were only slightly damaged. From lOJ mile to the end of 
the 17th mile there were only occasional patches of sand. 

Sanding was in a few isolated pfdelies. Bedaul village was 
little affected. Two masonry bridges were slightly damaged. 

landing wa» slight and conditkais much improved. 9 he large 
masonry culvert at mile 18^ was severtdy damaged. 

Road level sank near the 19th milestone. Further on tliC rood 
was badly affected and was undulating. Fast of Dhanespatti, 
the road and surrounding land was coveied by sand and 
water. The temple at Dhanespatti was undamaged and the 
masonry culvert near the village remained intact. A few 
houses in the village fell. 

The road was undulating and much sand and water emitted. 
The village of Runi was badly affected and surrounded by 
water. At 20 J mile the surrounding land was coven‘d with 
sand. 

North of milestone 21 the road was free from sand and the 
condition good up to Saidpur village, which is on an elevated 


P 
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22-23 miles. 


23-24 miles. 


24-25 miles. 


25- 26 miles. 

26- 27 miles. 


27-28 miles. 


28-29 miles. 


29-30 miles. 


30-31 miles. 


31-32 miles. 


tract of land. The masonry bridge about the cn<l of this 
mile was little damaged. 

Conditions were good up to 22^ mile, but north of Morshf^,| 
the fields were heavily sanded to a depth of one foot six 
inches. 

The screw pile bridge at the beginning of this mile was intaot 
but the road was undulating for about quarter of a mile. 
Further on the road improved and sanding was practically 
absent. 

Near the screw pile bridge the road was undulating and san l 
was emitted about 100 yards south of the bridge. Ahoiif 
400 yards from the 25th milestone the road began to un- 
dulate but at Thumba village conditions improved to a great 
extent. The girder bridge at about mile 24| was unaifected. 

Only aUght damage to the country side was noticed about 300 
yards from the 26th mile. 

At mile 26J the fields were dotted with sand vents and c(>verod 
with sand over 12 inches, especially north and east of Banaiili 
(26^) although the village itself was undamaged. From this 
village onwards the road was undulating for over quarter 
of a mile and sand vents filled the fields on both sides ilh 
sand and water. Furtlier ou conditions improved slightly 
up to within a furlong from the 27t}i milestone. 

From the 27th mile.stono the road was badly damaged. TIkk 
appeared to be a sudden increase in intensity of the shork 
as was evident from the collapse of houses at the Aillag(i of 
Garb a, where sand accumulated to a depth of several feci 
in houses and over the road. There was a sliglit improvoinent 
be^^ond this village but about 300 jards from the next milc' 
stone (28) conditions became bad once more. 

At the beginning of this mile crops wore damaged by saml and 
road and low lands v/erc intersected by fissures ; bedh sidi^ 
of the road were water logged. Conditions improved siightl\ 
beyond 28J mile, but near the end of the mile the ad was 
undulating. The village of Premnagar near the 2l)t]i rnilc 
had considerable sand deposits. 

The village of Siibbri at the beginning of this mile va'i alsa 
badly affected and the road undulated for some distaTue 
beyond the village. Buildings were damaged near Ixiyuna 
and the road was affectod by fissures and sand verds near 
the end of this mile, where the sand deposits were six to innr 
inches thick. 

The road was badly undulating for the first quarter of a niilo 
Further on some sand was noticed and a few fissures ncnr the 
end of this mile. 

Along most of this mile the country is highland and 

damaged by fissuring and sanding. A few fissures wer^e ^ 
parallel to the road. 
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:]2*33 Neither the road nor the adjacent crops were much affected. 

33^24 miles. Tlie road and htivds on both sides ^vero very badly damaged 
and covered with thick deposits of sand ; fissures and sand 
vents continued for about lialf a mile from the beginning 
of this mile. Over the last 600 yards of the road, however, 
damage was slighj. 

34-35 miles. The first half mile of the road and the surrounding country 
escax)ed damage. Damage in Muniari Kuthi village was 
slight. The last Iialf mile was b.ully affected by sand vents 
and the road was undulating. 

35 37 miles. Along the last two miles into Sitainarlii damage by fissures 
and sand vents w'as heavy and the road was frequently un- 
dulating. Grey sand attained a thickness of two to three 
feet. Some places were riddled with sajid vents and the 
heights of craterlets varied from six to twelve inches. 

Miizciffarpur-Motihari-Bettiah Road, — Mileages refer to distances from 

Muzaffarpur. 

0 mile. At Kasba Kanti several houses were fissured. No sanding took 
place. 

10 mile. Emission of sand became abundant from this mile. 

13 mile. Wells were tilled with sand and their masonry lining broken. 

IG mile. En echelon sand vents aligned were noticed in 

the fields. 

18 mile. Emission of sand was very lieavy at the village of Moiipur. 

21 mile. Lines of sand fissures were striking N.28°E.-S.28°W. 

23.31 miles. Very little sanding took place along this stretch and only a few 
houses were damaged. Railway lines at Maisi wore undam- 
agfid. 

31 mile. At Barachakia the land was not badly affected. 

35 mile. Sanding was very heavy along this mile.. 

3G mile. Many fissures W'cre jKcsent. 

37 mile. Sanding was bad at Pipra. 

41 mile. The road was considerably damaged by fault -fissures. Emission 
of sand and w^ater w'^as lieavy. 

44 mile. The road was very badly damaged. Sanding and fissures ex- 
cessive. 

46 mile. The road was better and tliero wais less sand. 

6 miles from Motihari. — The road was bad. 

6 miles from Motihari, — Extensive floods took place. Wells in village were 
filled by sand. 

Flooded country and sand continued to Avitliiu ab<jut tAvo miles of the Sagauli 
■lido of the Lohera turning. Towards Bettiah conditions improved, the intensity 
diminisliing about ten miles from Bettiah. 

^*^^^^^h-Qobi7idganj‘Ke$ar{ya-P{pra Road . — Emission of sand was more or less 
up to 14 miles from Bettiah. At Lakanipur there were small floods and but 
Hinall cracks the houses were unaffected. The 20th and the 2lBt miles were 
r swampy country, but no sand vents or fissun s were noticed. There were a 
cracks in the houses at Gobindganj and the fields were undamaged. Sanding 

?2 
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and fissnring began at Sangrampnr and houses were cracked. Conditions won^ 
bad at Kesariya, houses had fallen and the land was fissured and sanded. Xo 
sanding took place for five miles north of Kesariya. Beyond this village, ho^V( n-r. 
damage was considerable on both the Pipra and Sagauli roads. At Sidhi Bazar 
the sand fissures wore five feet wide. Along the Old Bettiah road, sanding and 
flooding were prominent up to within ten miles of Bettiah, after which thej Men* 
less conspicuous though sporadically present. 

Svgavli-Jtaxmd Road , — Collapse of houses and subsidence of land along tliis 
road were a general feature, especially one mile north of the Silu*ana river, but 
not actually along the river itself. The screw pile bridge near Ramgarhwa 
almost intact. The station buildings at Raragarliwa were slightly cracked and n 
well 24 feet deep contained 15 feet of sand. Collapse of houses in the villag(> was 
slight, 

Motihari- Dhaka Road . — ^Near Motihari this road was badly affected but cinis^ 
.sion of sand lessened about five miles from Motihari. Beyond Sikrana a littlr' 
sanding took place becoming worse near Dhaka particularly four miles to thf 
E. S. E. of Dhaka and around Dhaka Thana. Mirpur village, about throe tniles 
on the Motihari aide of Dhaka, contained many fallen houses. 

Mnzaffarpur-Darhhanga Road . — This motoring road was impassable for several 
weeks after the earthquake. Causeways sank and bridges were either destnyed 
or rendered unsafe and the road was in many places intersected by fissures. For 
the first 15 miles out of Muzaffarpur, fissures and sand vents were very nbundnnl 
on both sides of the road. Beyond this the road was practically undamaged by 
fissures for a distance of about five miles. From mile 25 sand vents and lissnre.s 
reappeared in profusion, particularly around Simri and towards Darbhanga. Dif 
following details wore kindly supplied by the District Board Engineer of Muzaffar- 
pur. Mileages refer to distances from Muzaffarpur. 

7th mile. A tree fell at the 7tli mile towards E.10°S. Road was faulted. 

8th mile. Portion of the road about 150 feet long sank three feet and was 
cut up by fissures striking parallel to the road. 

9th mile. About 250 feet of the road at one place sank about five feet. Thf 
brick paving sank and was damaged. 

10th mile. Near the Gandak river about 180 feet of the road sank some fivt 
feet. The road was eut up by eight fissures. 

11th mile. The entire portion of the metalled road some 80 feet in length 
sank bodily about three feet and the road was riddled by in- 
numerable fissures. 

12th mile. The wing walls of a masonry culvert were damaged by onuks. 

Small fissures traversed the metalled road. Sanding was not 
extensive. 

13th and 14th miles. This portion of the road was overrun by fissures. Fx 
tensive sand and sand vents, like porridge, over the fields. 

15th mile. The arches of the masonry culvert were cracked. Fissures tra- 
versed the metalled road. Heavy sanding in the country '^j'^*" 

ICth mile. The Berua timber bridge was badly damaged, the eastern abut- 
ment piles sank and the central piles in one row were 
The side beams were damaged. In several places fissures cavst 
subsidence of the rpad. The masonry culvert east of t ic 
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Berua causeway was damaged, its abutment and wings sank 
and the arch cracked. 


17th mile. 


18th mile. 


19th mile. 
20th mile. 
21st mile. 
22iid mile. 


23ni mile. 


24th mile. 


25th mile. 


20th mile. 


The Berua causeway sank at several places. Arches of the ma* 
sonry bridges Nos. 12 and 13 wore cracked. MB. No. 14 was 
pushed towards the west and its arches cracked. 

The eastern wings of MB. No. 15 were heavily cracked and its 
masonry damaged. The arches of the masonry culverts Nos. 16 
and 17 were cracked and the wings settled. Four I'e-inforced 
slabs of cement concrete of the Jaraiig causeway were raised 
and cracked. About two miles of the country was under water 
but little sanding took place. 

Several fissures intersected the metalled road. 

The screw pile bridge was dilated. 

Several fissures crassod the road. 

The eastern approach of the iron viaduct bridge over the Bagmati 
river was pushed westwards and raised. The screw pile 
bridge over the Perocha gap collapsed and the approaoli para- 
pets were damaged. 

The Beuibad tubular bridge wa.s heavily damaged. The mn.sonry 
on both approaches on which the bridge was suspended col- 
lapsed and the abutments and all the piers w(‘ro cracked. The 
iron frame lay suspended in the air. Tlie metalled road was 
cut by fissures. The arches of tlif3 MB. 25 were cracked 
and its wings damaged. 

The re-inforced brick slab on the top of the “ Irish culvert ” was 
cracked and the culvert rendered unsafe for heavy trafiic. 
Several fissures intersected the metal led road. 

The screw pile bridge collapsed. S(ivcral fissures traversed the 
metalled road, which sank in two ])!ao('a. Wells were filled 
with sand in the villages along the roadside. 

The arches of the masonr}^ bridge, just east of tlio causeway, 
were cracked. There were several fissures in the neighbour- 
hood. 


Marnffarpur-Fusa Road , — 'rids road was not so severely damaged as was tJu', 
case Avith several others within the same isoseist, since it lay oufsidc (he Slump 
Belt. Houses tiimbkd down along the first mile of the road, which was travtusc-d 
hy several largo faulted fis.surcs between the second and tlui tldid milestones. 
Baildy fields on both sides of the road became undulating. Heavy fissui’cs (;ra(‘k(Ml 
tlu^ metalled road at several places along tiui fourth mile. Within the fifth mile, 
the road sank at several places and was <nit by large fisHurcs. At two plact^s, 30 
and 20 feet in length respectively, the road satik ahout three feet. Dark sand was 
ejected somtdimes over a foot in depth. Similar conditions ]>rcv ailed up to the eightJi 
mile and a little beyond. A peep td tix'-c fidl towards I^.IO'^S. at (he s(*v<‘nth mile. 
The masonry culvert together with parajxds in th(i seventh mik^ era(‘k(Ml and sank 
and that in the next mile collapsed. In this mik^ about 45 feet of tJie load sank 
to a depth of four feet. Several fissures were present in the ninth mile and two 
arches of a masonry bridge at the next mile were cracked. From the tenth mile 
onwards the road was practically undamaged although occasional patches of sand 
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were noticed as far as the 16th mile. The Dholi masoniy bridge, aligned 
W.35®JSr., at the 16th mile, was damaged rather severely. A poilioii of the bridup 
was faulted towards the east and the oastern end near the abutment sheared liui i. 
zontally and one of the arches sagged slightly. From hero onwards the r()a(l was 
practically undamaged as far as the Pusa Kesoarch Institute. 

Darhhanga-Madhubani-Jaynagar Hoad , — Sanding was very alight as far as Sakn. 
Most of the bridges were imuifeeted but occevsionai diversions had to be im idc (jji 
account of the cracking of a few j>icrs. Sanding was slight on the way to Maahu- 
bani but it became very heavy at that village. 

Darhhanga-iSamastvpur liailway , — All the observations were made tiom , 
iM inning train. In general the railway lines were not so severely affech'd as in 
other places. Mileages refer to distances from ISamastipur. 


0- 1 mile. 

1- 2 miles. 

2- 3 miles. 


3-4 Qiiles. 


4-5 miles. 


h-V) miles. 


6-7 miles. 


7- 8 miles. 

8- 9 miles. 

9- 10 miles. 

10- 11 miles. 


11- 12 miles. 

12- 13 miles. 


flight damage. Masonry bridge near 0/8 not seriously damaged. 

Not much damage. 

Gandak bridge disxdacod and lines buckled. At 2/9 lines were 
taken out. Heavy sanding in Muktapur station cojnj)()uu(l 
and yard. Lines buckled very badly. From here to mile 
heavy sanding on both sides of the railway embankment. 
Cracks ran nor th-south and N.W.-S.E. 

Between 3-3/13 heavy sanding on both sides of the embauk- 
mont, from 3/13-3/15 sanding only on the western side ol 
the permanent way. h'rom 3/i5-3/21 fissures and sand vents 
on the eastern side. From 3/21-mile 4 sand vents and sand 
on both sides. 

From mile 4-4/12 sanding and some fissures. Between 4 12- 
4/16, no effects near the embaid^mcnt but sanding in Mie 
distant lowlands. From 4/16-milo 5, moderates sanding. 
Fissures east-w'csl . 

Heavy sanding from the fifth mile to 5/9. Then a region ol iiu 
damage. I'liatelied huts in the distance were not noirh 
damaged. 

Bridge on road at 6/3 damaged, Kishanpur station was searcel\ 
affected. tSoinc of the Ictilchu-pucca houses were cracked and 
a few mud huts collapsed. North of Kishanpur station a 
number of cracks three to six inches wide ran in east- west 
to E.N.E.-W.S.W. dkections. Sanding on both sides between 
6/23-mile 7. 

Sanding between 7/2 and 7/9. Between 7/11-7/14 sporadic 
outbursts of sand. From here to mile 8 moderate. 

No damage. 

Sanding between 9/5-9/19. 

A diversion was made between 10/21 and 10/23 as the eeiitial 
pier of a masonry bridge collapsed and fell to the south, the 
girdor and the rails hanging in the air. 

Some sanding between 11/10-11/13. 

Masonry bridge with girders damaged, 12/10-12/15 
sanding on both sides and from here to mile 13 heavy sanding 
on both sides of the embankment. 
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13-14 miles. 


14-15 miles. 
15.16 miles. 


Ui-17 miles. 

17- 18 miles. 

18- 19 miles. 


19-20 miles. 


21-24 miles. 


From mile 13-13/2 heavy sanding on both sides of the embank- 
ment. From 13/2-13/iO the low land was covered by sand 
vents. The station building at Haiya Ghat was badly dam- 
aged having sunk over a foot, cracks on the station platform 
were parallel to its long axis, N.20°E.-.S.20‘’W. The perma- 
nent way was buckled both up and down and sideways. The 
railway bridge near the station was damaged ; the northern 
abutment was cracked as also were the two central pillars. 

The girder bridge between 14/13-14/15 was slightly damaged. 

Heavy sanding between 15/21-16. Piers of a masonry bridge 
at mile 16 cracked and a x^ortion of the hues buckled up and 
down. 

Heavy sanding between mile 16-16/3. Sand vents near 16/23. 

Sanding and sand vents between 17/18 and 17/20. 

Masonry bridge between 18/9-18/10 only slightly damaged as 
also the one between 18/12-18/13. Sanding between 18/20- 
mile 19. 

Sanding betw<?en mile 19-19/3 and between 19/7-19/10. From 
19/22 onwards both sides of the line were moderately to 
heavily sanded uji to tlie approach of Lalicria Serai station. 

Occasional sanding on both sides of the railway between 
liaheria Serai and Darbhanga. 


Khagariit to Su]}aul via Mansi Junction , — Tbc country on both sides of the rail- 
wav lij )(5 from Khagaiia to Mansi, as fc\r as one could sec from a train, was not 
»laina-cii by lissures or sand vents. From Mansi nortinvards, up to near the tcutii 
mile cojulitions were deliuitely good—ejuission of sand was larc, the railway station 
at hadla Ghat, foiu’ miles north of Mansi, was not damaged. At about the ninth 
iiiilc, Uic masonry bridge on tl»e Kurscia nala was damagc'd. The bedstone of 
tile pier next to the north bank was shifted four inches to the north, the jiier itself 
.li.'O niovcei about three inches in the same direction. In the case of tlie other 
I'iors the girders as well as the pillars moved three to four inches to the east. The 
j. ilwav; lines on the bridge were buckled sideways. From milex^ost 10/10 north- 
wiucis iissures axu^oared at right angles as well as xiarallol to tlie railway embank- 
laiMit. The girder bridge No. 44 on tlio Khagua at the 11th mile was affected rather 
badly , some of the jiiers leaned eastwards but tlie bedstones on tliem were shifted 
either towards the north or the soutli. The river Hoavs liere in an east- west direc- 
ia-n and the bridge at this point is aligned north-south. Tlie bedstone on the 
j>u i next to the north bank was pushed northwards, but those of the third, fourth 
and the sixth from the north bank sbilted southwards. The foUoAving mileages 
nder to distances from Mansi Junction. 

11- 12 miles. Between 11/4-mile 12 occasional emission of sand. Cracks 

jiarallel to the embankment but no ejection of sand* 

12- 13 miles. Emission of sand rare. 

13- 14 miles. Occasional emission of sand in large xiaCehes from sand vents. 

Occasional cracks parallel to the embankment with no ejection 
of sand. 

!4T6 miles. Occasional sand vents in the borrow x>its. Some cracks parallel 
to the embankment. At 14/13 mile-post the embankment 
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15-16 miles. 


16-18 miles. 

18- 19 miles. 

19- 20 miles. 


20-21 miles. 


21- 22 miles. 

22- 23 miles. 


23-24 miles. 


24-25 miles. 


25-26 miles. 


sank about four feet and emission of sand took place from 
vents in borrow pits. 

Medium sized sand vents in the surrounding lands with emisyiou 
of some sand. Cracks parallel to the embankment between 
15/5-15/7 mile-posts. At Semri Bakhtiyarpur cracks about 
half an inch to one inch wide ran parallel to the platform 
N.10°W. 

Bare emission of sand here and there. 

Occasional patches of sand especially in borrow pits. 

Occasional patches of sand, sometimes from crater-Iikc veuis. 
Land mostly clear. Sometimes a few cracks parallel to tlie 
permanent way. 

Occasional heavy omission of sand from irmumerable vents. 
Cracks parallel to Sonbaraa Katcheri station plattonn 
aligned N.20 W. Much sand was ejected in the borrenv pits. 

Heavy emission of sand took place. 

Moderate to heavy emission of sand. Sometimes the land mjis 
quite clear. At 22/10 there was a very largo crateriform 
lissiue. 

Emission of moderate to heavy amount of sand took placi’ with 
intervening clear tracts. From 23/13 to mile 24 siind 
deposits were heavy, accompanied by largo hssures. 

A practically clear mile. Occasional sand vents, witli sofiic- 
times heavy emission of sand. 

Clear up to 25/5, then patchy sand deposits up to 25/8, from hm. 
onwards conditions much improved. 


From Kbagaria up to this point the tract lies in isoseisinal Vlll, from liorr 
northwards the entire line is in isoseismal IX. From Saharsa to Supaul the trai ♦ 
comes Avithin the Slump Belt. 


26- 27 miles. North-south cracks were parallel to the asphalt paved plat f( a in 

at vSaharsa station. The station was subjooted to a inod»‘rati 
emission of sand which continued a few hundred yards north 
of the railway station. The station building was iinaif<a:led. 
Conditions became bad from 26/14-mile 27. Information 

Avas obtained from a Permanent Way Inspector, tliat at ow 
place between 8onbarsa Katcheri and Saharsa stations tlu 
entire track Avith the rails, sleepers, ballasts, etc., was 
buckled sideways in an east-west direction. The maximum 
shift from the centre of the lines was betAveen four to fi\' 
feet. 

The branch lino of the B, <fc N. W. Railway from tSuluusa 
to Matiali was badly damaged by fissuring. The embank 
ment subsided and the lines were buckled as much ns 
feet laterally. At the TilaAva bridge, west of Baijnathpni 
station the girders fell and the brick piers were broken. 

27- 28 miles. Emission of heavy sand took place from mile 27-27/4 and th u 

occasionally up to 27/8. Conditions improved from here up i ' 
mile 28. 



28 - 29 miles. 

29 - 30 miles. 


:}0-3l miles. 


miles. 


32-33 miles. 


33-31 miles. 

31-35 miles. 
35-30 miles. 

3r>.37 miles. 

37 -3S miles. 

3S-39 miles. 
39-10 miles. 

10'41 miles. 

1 1-42 miles. 
42-44 miles. 
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A fair amount of sand was ejected in patches. 

Conditions were bad on both sides of the ix)rmanent way. Bet- 
ween 29/10-29/11 a big patch of yellowish brown sand from 
a lissiiie running across the railway line in a N.W.-S.E. 
direction. Another big patch of sand was noticed on both 
sides of the lino extending from 20/15-mile 30. 

Emission of sand took place on both the sides of the i>ermanent 
way, more especially on the west. Clusters of sand vents 
were dotted all over the lines of several fissures, some of the 
latter liaving depressions near their centre. 

Occasional but heavy emission of sand took place. iSometimes 
it coniintied for several hundred yards. Sand vents were of 
two types — (a) a rim of sand around a depression or hollow, 
(6) crater-like. Fissures were of four types — (a) simple ground 
cracks ejecting no sand, (/>) cracks with ejecUd sand, (r) 
fissures with sand and sand vents arranged in clusters along 
the lines of fissures, (d) crater-like fissures. 

Occasional patches of continuous dark grey and light yellow 
sand with intervening si>accs of (4ear ground, 'the station 
jilaiform at Panchgacliia (32/12) was not cracked or damaged. 
East of the station, cracks were oblupio to the railway traijk 
and some yellow sand was ejected. 

Emission of sand was pretty Jieavy up to 33/11, afti\r which 
conditions improved slightly, but oei^asional patches of sand 
continued. Beyond 33/14 sand vents and fissures were con- 
fined mostly to the westeni side of the railway lino. 

Wide fissures and some sand occurred. 

Occasional emission of sand. Conditions were distinctly botl-iT. 
The railway station at Parsarma (3t)/3) was not mucii affected. 

Emission (jf sand took place in the borrow pits, »Som(?timcs 
fissures were present on both sides of the jicrmanent way. 

Conditions rather bad. Patches of sand stretched fur Jong 
distances on both sides of the railway lines. 

Emission of sand was less frequent. 

Portions heavily affected by sand emissions. Near mile 40 
emission of sand in light patches. 

From 40/2-4U/8 emission of sand rather heavy. At Dhimra 
bridge (40/9-40/10) some of the bed plates on the piers were 
shifted eastwards but that on the first pier from the north 
bank was shifted towards the north. From here onwards the 
land was mostly clear of sand. 

Emission of sand occasional but from 41/10 very rare. 

Emission of sand in patches, which became less and less approach- 
ing Supaul. A large crack at the southern end of the plat- 
form at Supaul emitted some sand. 4'ho station platform 
was also cut by north-south cracks along its length. Prom 
similar cracks on the eastern side of the platform some 
sand was ejected* 
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Supaul-Sakri via Bhapliahi . — The railway line around Supaul was badly dam- 
aged. The lines were twisted and thrown out of alignment as much as throo 
or four feet. Embankments sank in places two to three feet. Piers of bridgos 
leaned towards the west, and in the case of girder bridges on brick piers, the 
steel plates on which the girders rest were displaced tow'ards the west. At 
Tharbitia about eight miles N. N. E. of Supaul, a pucca house and one or i^vo 
mud huts collapsed, moat of the other mud huts were cracked. Conditions 
became worse on the line from Bhaptiahi to Sakri. Although the bridge between 
Kaliaria and Nirmali did not collapse, its piers sank and rendered the 
bridge unsafe for sometime. The lines were twisted and the embanlonents sank at 
many places. 

Madhipura-Supaul Hoad . — Fissures and sand vents were abundant from near 
Gamharia into Supaul. The majority of the fissures were aligned N.E.-S.W . 
Many of the mud or bamboo and mud houses on both sides of the road coliapsi d, 
especially the mud huts. Fissures were more numerous on the Madbipura 
side of Supaul than on the northern side. 

Mahadeopur OficU-Katarea via Bihpiir . — The rail lines from Mahadeopur Giiat 
to Thana Bihiiur showed little sigiis Of the earthquake. Thana Bihpur statinji, 
a pucca brick building, was undisturbed but adjacent buildings showed slight cracks, 
A planter’s bungalow at Bihpur was rather badly affected. 

Along the line to Karhagola Road station, there was no sign of damage to ilie 
stations. Some buildings adjacent to the line at Kharik were, however, badly 
cracked, and the upper portions of buildings — copings, parapets, etc., collapsed. 
Some of the movements here were definitely north-south. The railway bridge at 
Katarea appeared unaffected. 

Karliagola Eoad-Purriea . — A good motorable road connects the two places. 
Proceeding from Karhagola Road there was no sign of damage up to Korlia, at 
about the 15 th milestone, where some buildings were damaged ; but the road and 
the surrounding country was much fissured and small areas of ejected white' yajid 
could be seen scattered about. In the vicinity of the road the majority of tlie 
fissures were more or le>ss parallel to the road. The roiul subsided at many places 
and became very uneven. A screw pile bridge was not only slightly out of ^dign- 
ment but also sank a little in places. The earthquake damage became much more 
noticeable from about Chathariapir northwards. 

Railway between Purnea and Jogbani. — ^Damage to the railway lines commem td 
about two miles south of Purnea. North of the town bridge abutments were cracdccd, 
and up to Forbesganj the brick piers sank in places. Between Purnea and ilic 
next station Kasba, the embankment sank in several places. The piers ot Hx 
bridge near Kasba were out of plumb and sank. The abutments of another bridye 
near Kasba were shattered. North of Kasba the Unes were buckled considciabl} 
and fissures ran east* west. From Kasba to Jalalgarh station there was uo 
damage to the permanent way. From Jalalgarh to Kusiargaon station tin 
embankment settled here and there. From the last station the damage to tlx 
permanent way became worse as the Araria Court station was approa(3liod ; 
bridges were shattered and fissures, although irregular, mainly ran parallel to 
the railway lines. The station building at Araria — a piicca structure — ^wos badly 
fractured and had to bo partly dismantled. From Araria northwards damage 
was still worse. Masonry bridges subsided, abutments were shattered , pb r 
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sunk and the track was crossed by innumerable transverse fissures up to 
jjiilf a mile long, whilst others were parallel to the track. The worst damage 
oil this line took place between Simraha station and three miles north of 
Forbcsganj station. The track beyond Eorbesganj was very badly damaged. 
\ bridge, t\vo miles north of Eorbesganj, was badly shaken ; the brick 
abutments and the piers subsided ten feet almost to the ground level. Three 
nult'S south of Jogbani Station the piers of a girder bridge were tilted and the 
.irdcT fell — the piers were 70 feet high and the tilt was iq) to 1 in 25. The badly 
built station quarters at Jogbani tumbled down. 

Purnea-Murliganj (Isoseisinal IX). — The piles of the Saura bridge wore raised 
lowered differentially. Pile bridges beyond sank slightly. The track subsided 
and the rails w^ero so badly buckled that it was impossiblt5 for a trolley to go over 
tlicm, at least as far as the Kali Kosi, five miles west of Purnea. At the Kali Kosi 
bridge tlio piles were moved bodily along the stream. Subsidence of the track 
and buckling of the lines continued from hero up to mile 12, and fish-plates in some 
I ascs were sheare<i and 8(q3arated as much as 12 inches. In some cas(;s the track 
was buckled five feet, i.e., tlmowii live feet out of alignment from the centre line. 
iiiKlvUiig was noticed chiefly on or adjiiccnt to a bridge. East of Sarsi the piles 
of ibo bridge sank. The railway station was badly shattered and the platform 
overran by fissures. The i^ilc bridge near Baumaiikhi, beyond Sarsi, wtis humped 
uj) ami the adjacent track subsided. Buckling and subsidence of tracks and the 
cb'iaiigejiient of the idles out of lino continued right through to Murliganj. On 
tills section most of the fissures wevo East- West even where there was no depres- 
sion or embankment. Siiiiilar conditions prevailed over tiio Behariganj section 
up to Behariganj. 

P u rnm-Dhamdalia Hoad , — Dliamdalia is a small village about 20 miles South- 
W ! of Purnea, with which it is connected by road. Fissures and sand vents 
wcL'it within ton miles west of Purnea, after which they were rare. The abut- 
mouts of most of tb.) bridges were cracked. About two miles west of llhamdaha 
3 timber pile bridge 3vas humped up and the banks closed in a little. 

At Jlhamdaha the bimgalows were slightly affected by wall cracks. Most c>f 
I bamboo and thatched huts remained undamaged. 

The railway bridge a few miles out of the village had temporary sleeper piers 
•it t!ie date of insi)ection, as the timber piles wore out of line. 



CHAPTER XIV. 


ISOSEISMAL X, NORTH OF THE GANGES. 

Champaran district. 

A small part of the north-eaatern corner of Champaran district falls within 
isoseismal X. The only important village is Dhaka about 20 miles W. N. W. of 
Sitamarhi, Avhere most of the huts collapsed and the thana was badly damage(l by 
an east-west fault. 


Muzaffarpur district. 

Riga (26® 36' : 86® 24'). — This station, situated on the B. & N. W* Railway 
and about six miles north-west of Sitamarhi, is the most westerly important place 
witliin isoseismal X. Many houses in the village collapsed and a large number wore 
badly damaged ; two bungalows sank about 18 inches. The railway lines were 
severely damaged, partly as a result of surface fissures many of which showed 
differential movement. The rails were budded and twisted, and 8leex)ers displaced 
about six inches, usually to the E. S. E. ; the rails were broken at the fish-plates 
and telescoped, with also a lateral displacement of six inches. The road was badly 
damaged \ cars on the road near Riga were stranded in sand, which locally reached 
a depth of three feet. 

The most important building here, the Belsund Sugar Factory, was almost 
entirely ruined. Sand issued from fissures in the reinforced concrete foundations. 
The compound, which was 1 foot 6 inches above the surrounding country before 
the earthquake, sank on the average 1 foot 4 inches below the general ground level. 
Instrumental levelling, carried out a month after the earthquake, demonstrated 
differential movement up to 2*5 feet within the compound itself. The cLtstrcrii 
wall of the compound showed a differential sinking of 1*6 feet. 

Sitamarhi (26° 35' : 85° 29'). — Sitamarhi is a sacred place in Hindu mythology , 
as tradition relates that here Sita sprang to life out of an earthen pot into whieh 
King Janaka drove his ploughshare. It is the headquarters of the subdivision of 
the same name and has a population (1931) of 10,701. The town is situated on a 
branch of the B. & N. W. Railway, and is also connected by road with the Nepul 
frontier, Darbhanga and Muzaffarpur. The Lakhandai river passes the castorn 
side of th(i town, and Wiis spanned by a fine brick bridge. 

Sitamarhi was the worst affected town north of tlic Ganges and came vvithif' 
the main slump zone. The town was badly damaged by lissures and sand vcmN 
and the grea<(U‘ part of it was covered with sand, in places four to five feet det^j* - 
sanding reached a maximum in this locality. Accor<iing to Mr. Jalil, the socoii l 
ofticor, some bullocks were trapped and buried under five feet of sand. All tin; 
wells in the town wore inlilled with sand but on re-excavating there was very 
change in the water level. A well in the dak bungalow compound was crossed by 
fissures striking E. 10° N., causing differential movement of arches between tbe 
two halves of the well. Many fissures were jjarallel to streams, or to embankments, 
but others ran in a general N. N. W. direction. A typical fissure was 80 yarcb 

( 210 ) 



ISOSEISMAL X; NORTH OF THE GANGES. 


211 


]ong> eight feet wide and infilled with sand to within three feet of the top. Siib- 
qiJence l>etween fissures sometimes took place. The main drain running through 
the centre of the town was entirely choked with sand. 

Although the town is placed in isoseist X, the actual collapse of houses, in the 
sense of tumbling to the ground, was not excessive ; not nearly so marked in fact 
as at Monghyr. Houses collapsed largely tus a result of the foundations giving 
^vay, hut the number of complete collapses was small. Only one house, however, 
of any weight escaped tilting and sinking into the ground— the P. W. T). bungalow 
was the only exception — and none was inhabitable. Many of the w.alls of buildings 
sank as much as two feet and foundations and floors w^ero broken up completely. 
Sand covered the floors of sunken buildings to a depth of up to three feet. Con- 
(entric fissures formed in the ground around several buildings. 

According to Mr. Jasewal, Engineer of the District Board, the buildings on 
the whole were tilted radially outwards from the centre of the town. Buildings 
in the jail were left tilted as if on weaves ; portions collapsed and one of the block 
houses sank. The northern and southern boundary walls of the jail compound, 
two feet thick and of excellent brick construction, each fell north as a single unit. 
The eastern and the western boundary walls were cracked and left standing. The 
prisoners escaped, but one man returned in an eklca because the jail appeared to him 
safer than the bazaar. Fissures striking E. 12° S. traversed the jail compound 
which was full of fine sand. The jail is aligned E. 10° S. 

The kutchery buildings sank three feet into the ground below their verandahs. 
The Criminal Court, a one -storey building elongated N. 10° E. and surrounded 
by a verandah with arched roof, sagged in the mid<lle. The eastern and the wc'stern 
walls were heavily cracked ; the southern wall fell southwards ; the north-eastern 
comer of the verandah fell to the north ; the arches of the western verandah fell 
W. 15° N., and the pillars of the east-w-cst verandah, together with the verandah, 
fell 10° E. of N. 

The railway bridge collapsed as if pushed from the east ; the piers fell w^est and 
the lines were severely twisted and buckled. At one place the ballast was pushed 
W. N. W. by the sleepers as much as a foot. The railway embankment subsided 
irregularly and largo fissures were formed in the ground parallel to the embank- 
ment. 

The Post Office clock stopped at 14»15 hours (I. S. T.) but the postmaster thought 
that the movement began between ]4*11 and 14*12 hours (I. S. T.). The Post 
Oilice clock might have been a little inaccurate. The chairman of the municipality 
believed that the time of arrival of the shock w^as 14*15 houis (1. S. T.). According 
to him the shock was preceded by preliminary tremors, which increased in violence 
and ended abruptly. It was heralded by a loud rumbling noise. 


Darbhanga district. 

Madhubani (26° 22' : 86° 05'). — This small subdivisional town (180 feet above 
Hea level) in Darbhanga district is about 23 miles north-east of Darbhanga town 
25 miles from Laheria Serai, the district headquarters, to which it is connected 
by railway. It had a population of 18,789 at the 1931 census and is an important 
trading centre for the surrounding rich agricultural country. The town follows 
the north and south trend of the principal thoroughfares, 
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Ma-dhubani was the most severely damaged town next to Sitamarhi ; the 
of damage was similar as the majority of tlie buildings were atfeetod by slniri|)iii(. 
(»f the ground altliough a largo number wore damaged by severe shaking. 
of the buildings were tilted. Although in general most of the confused mass rif 
bricks, plaster and splintered beams represented the remains of houses built of 
poor materials, the destruction of newly built pitcca buildings testified to the stre?) rfb 
of the shock in this epieentral alluvial area. 

Within the town, over 80 fier cent, of the buildings either collapsed or wero, 
badly damaged. Ground fissures ran through some buildings fracturing the walls 
and foundations and also causing subsidenco. The heaviest damage was sustained 
in the bazaar area, wliore two-storied pucm buildings were the worst affected. Only 
a few buildings in Balna on the main road, to the south-east of the Barahazaar 
nroa, escaped any serious damage ; this portion of the town also esca]ae(l sandirlL^ 

The railway station was not affected to the same extent as the town itself l)nt 
houses near the station in the Suratganj area were badly damaged on accouut of 
subsidence and tumbling. A portion of the town west of the railway stalion 
subsided. 

The eastern, southern and western portions of the town were overrun by bssuros 
and isolated patches of sand vents, the northern part appeared to have l)een free 
from Assuring and sand. Most fissures had an oast-yvest alignment hut a iiorfh. 
south trend was not uncommon. 

Local residents remarked that the shock came from a northerly dirootioii 
slightly west of north. Buildings were seen to sway in a north-south direct i(.n. 
The shock was accompanied by a terrific rumbling noise and was so great th.it 
many people were knocked down and few were able to stand without difficulty. 

The main shook is said locally to have commenced between 14*10 and 14*12 houis 
(I. S. T.). The station clock stopped at 14*12 hours (I. S. T.). The duration w.o 
variously estimated at between 120 and 180 seconds. 

Eye-witnesses gave the following accounts : — Mr. T). N, Raha, manager of the 
Rajnagar estate, was in the dak bungalow at Madhubani, an<l at about 
2*15 p. m. he felt first a mild tremor followed by a smart shook and hear.! 
a rumbling noise as of distant thunder a few seconds after tlie ffrsL 
tremor. The duration of the entire shock was about tlireo minuti's but 
the main shock lasted about two minutes, the main shock ceasing abrupt)} . 
During the main shock he felt that a wave was passing below his feet and 
he was forced to sit down. He saw the tiles and walls of the building 
crash. Although buildings swayed north-south ho noticed that the direct i(Ui 
of the wave motion was in a general east-yvost direction. 8oon after the 
shock had ceased yvater flowed from the causeway nearby. He ran to th(’ 
railway station, which lay east of the dak bungaloyv, and found the railway 
lines undulated and thrown into S-like curves. At some j>laces the pormaneiit-way 
was raised and at others it had subsided. Ho then proceeded towards Kajnagar, 
following the railway lino, and noticed numerous water spouts in the fields on both 
sides. The alignment of those was roughly parallel to the raihva}^ embankment 
and the water liad a putrid smell. The colour yvas blackish yvith suspended sand 
and clay. He had to wade through the water occasionally and found it tepid warm 
at two place.i but mostly cold. In some places the railway lines yvero bent in 
zigzag fashion and were suspended in raid-air, the embankment having subsided : 
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tlic bridges were like inverted Vs. Mr. W. G. Archer, subdivisional officer, Madhu- 
t)ani, recoixied two shocks at intervals of ten minutes ; ho thought the main shook, 
wliioh started! at 14-15 hours (I. S. T.), lasted for 120 seconds. Hanging objects 
foil in all directions but mostly to the cast and west. Bricks were projected from 
jfoor and window lintels. Ground iissuros varied from an inch to two feet in width. 
Sand woa deposited on either side of flsauros as the water oozed out. Beds of tanks 
were raised jmd the river swelled. Mr. Bibhuti Bhusan Dutt of G. M. S. S. H. E. 
School, who was sitting on a chair in his office, felt three separate shocks, and was 
actually pushed up from below. Ho thought the shock began at 14-13 hours (I. 

T.) and lasted for 128 seconds, and that a nimbling noise, like that of an aeroplane 
or a motor car, commenced a few seconds before the shock was actually felt and 
la.sted throughout the quake. 

Some of the affected structures may be briefly described : — 

The Criminal Court, a long one-storey huicha-pucca building, is aflgned 5"' 
south of east to 6® north of west. The main east-west walls sank in the centre ; 
all walls were cracked. Verandah roofs were displaced, in part, and one jmrt 
collapsed. 

The remains of the buildings were demolished by sappers and miners after the 
eaiihquako. The site was overrun by numerous ground fissures striking in a north- 
south direction. Numerous sand vents were present in the low lying ground west 
of the buildings. 

The Bar Library was shattered by numerous ground fi88UI^3S, all four walls being 
(equally damaged. Portions of the roof collapsed and a large portion of the east- 
west verandah on the north collapsed. 

The Dutt Medical Hall, a well-built two-storey building, aligned north-south, 
sank bodily, with a tilt towards the west and north-west but the walls were not 
severely cracked. 

Bai Bahadur Sushil Kumar Roy’s house, a two-storey piicca building aligned 
10^ eiist of north, was badly damaged and both the north-south and east-west 
walls were badly cracked. The second storey of the northern portion of the house 
collapsed completely. The main building sank a few inches into the ground. A 
portiofi of the house on the south-eastern corner collapsed as well as a portion of 
the fii-st floor in the north-eastern comer of the main building. Portions of the roof 
ou both sides came down. North- south fissures in the compound split the east 
and west boundary walls. 

Kishori Lai’s house is a large two-storey newly-built rectangular pucca building 
aligned east-west and with a central courtyard. Two ground fissures striking 
cant- west opened the north-south walls on both sides, leaving gaping cracks six to 
nine inches wide. The central courtyard subsided, but the floors were raised and 
heavily cracked. The east-west walls were comparatively imdaraaged beyond a 
few minor cracks. A very wide crack three to four feet wide ran east-west along 
Rahika road in front of Edshori Lai’s house, Naya Bazaar. Almost every house 
aligned east- west on both the sides of the road collapsed. The main crack noticed 
m ICishori Lai’s house ran southwards first in a N. W. — S. E. direction and then 
swung round north-south. 

Khemdhari Singh’s house is an old fashioned residence of pucca and kutcha- 
P^^cca construction. The central portion — a two storey building — collapsed, 
Bonions of the walls which did not fall showed heavier cracks in the north-south 
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wallfl than in tbo ea^t-west. Two masonry pillars near the temple entrance cast of 
the main building fell in a direction 10** east of north. The suite of buildings \vost 
of Ihe main building collapsed. 

The house of the widow of Babu Soni Lai Shah is of two parts : the castt^m 
portion is an old kutcha-pucca structure, and the western is a newly built 
building. The new portion — absolutely unaffected — was perhaps the only 
in the town which escaped undamaged. 

At Madhubani railway station the platform is aligned north -south, 
station platform was cracked and sand and wator was emitted. The hof»l{iniy 
office was badly cracked. The north-south walls were only lightly cracked in com- 
parison -with the southern east-west walls ; the east-west wall on the north sank 
about half an inch. The other rooms of the station had slight cracks in north* 
south walls. 

Bajnagar (26° 24' : 86° 10').* — This small town is about six miles north-ea.st 
along the B. <fe N. W. Railway from Madhubani. Apart from the beautiful palaces 
and gardens of the Kumar Sahib of Darbhanga, the town possesses no important 
buildings. All the pucca structures were seriously affected by subsidence, tiasiues 
and sand vents. The palace and of?ice buildings of the Raj Estate were shattered 
beyond repair. Towers fell and gaping cracks, through which one could ^v;l]k 
without difficulty, cut the walls of the various'' buildings in the palace grounds. 
Portions of the buildings collapsed and sank. The floors of the main palacf' were 
raised and cracked and the rooms flooded with sand and water. The State rond 
leading to the railway station w^as faulted and fissured ;at many places embfink- 
ments sank to the level of the surrounding low lands and a screw pile bridge along 
the road was buckled up and down. Sand vents and crater-like de|)re8sions of 
very large dimensions were found on both sides of the road. The railway hrirlgo 
north of the railway station practically collapsed. 

According to Mr. R. L. Biswas, station master, Rajnagar, the shock commcuced 
at 14*10 hours (I, S. T.), and lasted about 150 seconds. One smart shock of modorafe 
intensity was followed by several sharp and severe ones in quick succession. The 
first shock was preceded by a deep rumbling sound as of distant thunder a/al the 
quake was accompanied by a high rattling noise as of an old motor car. Water 
and sand spouted at innumerable places, even gushing out from strong cemented 
floors eight feet above gound level. 

The details of the damage effected at Rajnagar are as follows : — 

The main building of the Rajnagar palace is aligned 5° east of nerth. The 
palace garden has a large tank on its eastern side. Damage to the building wn8 
largely by gaping cracks which mostly ran north-south and which extended from the 
roof to the ground and along which there w^as sometimes vertical displaccmfut. 
Several rooms on the first floor collapsed ; all three main towel's were badly c?a( ked 
and the dome of the central tower collapsed. A general sinking of the palace 
noticeable, especially on the western side, where the adjoining verandah sank i^o 
feet. In the compound to the east of the main building a marble fomitain, v bi^h 
was free to fall in any direction, fell towards 10° west of north. The garden j<at}i 
sank between two and three feet and was submerged by water which ovciHe^rd 
from the tank. The compound was strewn with sand craters. 

North-west of the main palace the pucca house of the Maharajah’s step-mother 
was reduced to a heap of debris. Three of the comer turrets fell south- vest, bul 
that on the north-east comer fell towards the east. 
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The hell tower on the south side ol the Shiva temple, which is south-east of the 
niain palace, collapsed as also did the tower on the top of the Ibigam (phallus), 
UiBt near the entrance to the temple. The main tower did not crach. The building 
sank near the centre and the entire tempie leaned almost due north. The noith- 
south boundary walls were heavily cracked and tilted and effects of horizontal 
shear were noticed ; the east- west walls were also cracked. 

The head office, a massive, well-built, beautifully planned pticca stiuctuie, was 
entirely ruined by gaping cracks in the walls, subsidence taking place on the north 
and south sides of the building. The tower on the north side collapsed to the 
east and north. 

The Girija temple, to the north of the head office, partly collapsed and the temple 
was tilted to the north. Ejection of sand here was considerable. In the Kali 
t< inple, built of white marble, verandah pillars were displaced as much as two inches, 
and the courtyard slabs cracked and displaced. Ground fissures here extended 

east- west. 

The State manager’s house is aligned north-south and sank on the eastern and 
Fouthem sides ; all walls were cracked, and sand and water ejected. The tube 
well in the compound was raised two feet. 

The Rajnagar railway station withstood the shock rather well, but the railway 
bridge to the north of the station collapsed. The bridge had five piers in the river 
bed but the abutments closed in north and south with movement of the river bank 
and the four northern piers were tilted northwards ; the pier near the southern 
bank fell and the steel girders were throw^n into the river. As far as the eye could 
8( 0 both north and south from here railway lines appeared to be buckled laterally 
and vertically. 

Mirzapur (26° 24' ; 86° 09'). — In this small village west of Rajnagar almost all 
tbc kutcha-pncca buildings collapsed as also many thatched huts. As at Sitamarhi, 
many of the kutcha-pnem buildings sank. Sanding was heavy, up to three feet 
deep. The screw pile bridge connecting the village with Rajnagar was buckled 
up and down. 
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ISOSEISMAL X, SOUTH OF. THE QANQES, 

Monghyr district. 

Mmghyr (25® 23^ : 86® 28')* — This very old town, on the south bank of the 
Ganges, is a district headquarters and, in 1931, had a population numbering 52,803, 
It stands both on alluvium and on a promontory of Archean rocks around which 
the Ganges meanders. 

The town may be divided into two portions : (a) the Fort, which includes witliin 
its confines the government and other public buildings and the residences of most 
of the Europeans, and (h) the Indian quarters extending to the east and south. 
The Fort, built on a quartzite ridge, is formed of a great rampart of earthwork 
faced with stone. 

The devastation in Monghyr was greater than in any other part of Bihar. The 
entire town was reduced to ruins, scarcely a house or hut escaped destruction nr 
damage. In the Chauk section of Monghyr bazaar, which revealed the most 
spectacular havoc in the earthquake area, scarcely a building or wall was stand- 
ing. The remainder of the bazaar was not so seriously affected but nevertlicdess 
the damage was great. The number of casualties was so great that for several 
days after the earthquake the dead and the dying lay within the mass of bricks 
and debris. Although this large bazaar near the Fort was practically razed to the 
ground, the adjacent north-west corner of the town within the Fort, suffered but 
slightly. The main damage to pucca buildings occurred at the edge of the iiigh 
ground, on the alluvium along the eastern side of the Fort. Here, all the buildings 
were destroyed. The Fort wall collapsed in many places. Groiind fissures cut 
right through the massive walls of a bastion on the west side of the Fort, at the 
edge of the river. 

The general direction of movement throughout Monghyr was east to west, but 
vertical movements were also noticed ; instances were quoted of buildings being 
lifted a few inches before they collapsed. Rotational movements were also indi- 
cated by the monuments in the cemetery. 

Although a few ground cracks appeared here and there the wholesale fissiiring 
and sanding of the slump belt was noticeably lacking at Monghyr. According to a 
report from Chupraon factory a huge spout of water several feet in diameter rose 
quite high into the air in front of the garden ; the water so saturated the ground 
that the garage some 200 yards from the spot sank. North-east of Sitaknnd, four 
miles east of the town of Monghyr, three bighas of land were covered to a depth of 
up to six inches with a sandy silt ; there were four fissures running east-v('st on 
the north side of a shallow stream, and water was said to have spouted to a height 
of four feet during the quake. 

As a rule, buildings on rock outcrops were damaged less than those on alluvium. 
The quartzite forming the higher ground appeared definitely to have resisted the 
severe shaking and the greatest damage was confined to the alluvium immediately 
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surrounding it* The Plr Pahar house may be cited as an example* The house is 
built on the quartzite hill to the east of the town ; a portion of the eastern verandah 
collapsed, otherwise the building was only slightly cracked. This type of building 
was almost invariably badly damaged elsewhere, the rich omamentation, roof 
balustrades and verandah pillars collapsing. Other buildings which escaped in- 
cluded (1) new brick-and cement-built houses, as the Lochnagar bungalow, (2) 
those built on eminence^ or platforms, which acted as cushions and (3) cement 
concrete or re-inforced concrete structures, such as the Electric Supply Company’s 
pwer house and offices. 

Most of the houses along the river front, particularly on the north-west side of 
the town, suffered less damage than tJiose elsewhere, and many were subsequently 
quite habitable, even though they were on alluvium. This was in contrast to the 
(hnunge at Patna. In the case of a town such as Monghyr, whore an almost wholesale 
coIla])8e of buildings took place, it is difficult to single out individual buildings to 
(ionvey an idea of the type of damage effected, hence only a few of the damaged 
buildings are described here : — 

Tlic Judge’s house was slightly damaged and the house of the? Kasim Bazar 
hnnily, built on rock on the river bank was slightly craedeed. The movement here 
wjis in all directions. The eastern side of the Deputy Commissioner’s Court fell 
mostly to the east, and the remainder of the building w’as badly cracked. The 
Subdivisitjnal Magistrate’s Court partially collapsed on the northern side ; the 
western and southern portions were standing but bailly crac'ked. The Collectorate 
hiiilding was very badly damaged ; both the roof and the walls partially collapsed. 
The Judge’s llecord room was affected only over doors and windows. The jack- 
arc bed loof of the Treasury building was badly cra(;ked. The verandahs on the 
fiouth and the east sides of the Civil Court building were badly damaged, the pillars 
were out of plumb. Of the two Record rooms, the newer one suffered only slight 
eraeks whilst the older, which was a tall building, had larger cracks. The Police 
oflic(* was badly damaged ; only two rooms on the south were spared. The Police 
iSlation collapsed. The Town Hall was badly damaged and the outhouses forming 
the serv^ants’ quarters fell. The P. W. D. godown collapsed. The Jail buildings 
were bi^lly damaged and the prisoners had to be secured in a shed under an armed 
jiuard soon after the earthquake. The jail walls fell east and north. The eastern 
'ind western ends wei*e built on top of the old wall which was eight feet high; the 
uppc‘r part collapsed at the join. The Jailor’s quarters and office collapsed com- 
pletely arjd the Assistant and the Deputy Jailor’s quarters collapsed partially and 
portions were seriously damaged. The remaining buildings in the jail were variously 
damaged. Monghyr church collapsed as also did the w^estern wmll of the church 
eompouncl. The Collector’s and the District Judge’s residences were two of the 
very few building in Monghyr which escaped with minor damage ; the main build- 
ings escayxjd with slight diagonal cracks in the walls and over the arches. The 
oiithoust*s were, however, more severely damaged. The Civil iSurgcon’s residence 
'VfUH badly damaged and had to be rebuilt. The residence of the iSuperintendent of 
Pxcisc collapsed, killing his two daughters. The residence of the Police Superin- 
tendent collapsed and the Superintendent of Police was injured. In the Monghyr 
Hospital only the lower storey of the women’s hospital was undamaged. The 
baptist Mission collapsed. The gate here gave excellent evidence of the acceleration ; 

ornament on the top of the south gate post fell south, the north gate post fell 

9 2 
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bodily east and the fracture near the base was such that the post could not have 
moved laterally before falling. Only slight damage took place at the MonghjT 
Water- works ; the tower was undamaged, there were some fine cracks in t he 
masonry of the overhead tank and the suction pipe of one of the pumps bccanit 
choked. A settling tank leaked on account of cracks in the walls. There were some 
leaks in the mains but they were speedily repaired and the supply of water was 
resumed within a short time. The Superintendent’s quarters were badly damageri. 
The Electric Supply Station, built of concrete, was undamaged. An eleetiic fan 
suspended from a low ceiling in the Electric Supply Co.’s new premises— intact 
building — struck the ceiling at both the extremities of its swing in a roughly vhhU 
west direction. Two blades of the fan were bent. The factory of the Imperial 
Tobacco Manufacturing Co. (India), Monghyr, is a modem brick structure with 
a steel framework. The shock here was felt distinctly in a N, E. — S. W. direction, 
followed by rotatory movements of the ground and then by an up and down 
motion. Twelve feet of the top portion of the brick chimney fell to tlu^ ( ant * 
The brickwork was fractured and the steel frame work of the building thrown out 
of alignment. The western wall w^as leaning west and the movements of the I’oof 
joists resting on the walls fractured the latter. The steel window frames wi re 
buckled, but wwden frames were undamaged. The tomb of Shah Nafa, un olii 
monument built on a low hillock, completely collapsed. The Fort wall, built iii 
Moghul times, collapsed in many places. 

In the Chauk section of Monghyr bazaar, over an area of some 40 acres, tw ery 
building was razed to the ground. Over a larger area of the bazaar, the narrow 
streets and winding lanes w^ere blocked for several days by the debris from fidii ii 
two-storey buildings. It was impossible to distinguish the gullies and ov(ui tlu' 
wider roads, as debris of the ruined houses covered everything. Considering (lir 
extent of the destruction it is surprising that only some 1,200 people were killed: 
this comparatively low casualty list is explained by the fact that actual f ollajisr 
of the buildings took place towards the end of the shock, pi^rmitiing people liuie 
to get out into the opf.m. Deaths were mainly amongst women and childien wlie 
were unable to get out of doors quickly. The wide-spread damage in the bu/aar 
area results from the number of tall, old and badly built structures which occupied 
this section. 

A large number of private buildings outside the bazaar were also ruined, amisigst 
them being tlio palac(* of the Raja of Monghyr and a number of old buildiugn cf 
historical interest. 

Outside Monghyr there was little sign of damage to the mud huts in the varicnip 
villages. Only those provided with heavy tiled roofs wore damaged. (Viudly, 
in such cases, the roof collapsed bringing down tlie walls. 

In the ( lid Cemetery, the top of the obelisk over William Mundy's grave was 
cracked, apparently by east- west movements. Two other columns and another 
obelisk were crackofl by east- west movements A tall round column on a s<juare 
base fell towards the north-west. In the New Cemetery, the headstone over Allen 


♦ Same direction as a chimney at Bhagalpiir which cape down on I he engine 
roof to the east. 



isOSElSMAL X, SOUTH OF THE GANGES. 219 

Pe^r MuiTay’s grave rotated anti-clockwiee, whilst the lower part of the base of the 
ht^adstono of tierschel Dear Murray’s grave and also another similar headstone 
rotated clockwise, A marble obelisk fell to the east ; another similar obelisk fell 
gouth and its base rotated anti-clockwiso. The top portion of an obelisk was 
standing but it had moved westwards, whilst the base was twisted anti-clockwiso 
and moved live inches towards the west ; the jKidestal was intact. A cross, facing 
o/ist, fell north and rotated clockwise as it fell. Several brick monuments wtM’O 
cracked by east-west movements. Most of the monuments in these cemeteries 
were facing east and west. 



CHAPTER XVi. 

ISOSEISMAL IX, NORTH OF THE GANGES. 

Saran district. 

Villages in Oopalganj and Chapra subdivisions, — In the villages of ( Jojiulganj 
and Chapra subdivisions, huts wore destroyed by large ground fissures from which 
sand and water were ejected. Some of the individual cracks were seviiral hiuKiKd 
yards long, three to four feet wide, and one was reported to be over 30 ft ‘/ t deep. 
Evidently this formed part of the Slump Belt, which crossed the Gant la k river 
into the Saran district where it extc^ided in a N. E. direction for ovt.r :]ii 

miles parallel to the Gandak river over a width of ten miles. Many villages within 
this zone were badly affected by fiacres and sand : others built on raised ground 
escaped Assuring but were severely shaken and innumerable mud huts collupHed 

Villages affected by sanding and Assuring include Rajaputty, Marwa, Sntjora, 
Sahbazpur, Dubauli and Murwara. Wells and nalas were choke?d with saiid and, 
village sites were destroyed by large Assures. At Rajaputty the biingahiws of 
Miss Rutherford were extensively damaged by largo Assures and the Aoors of some 
of the rooms were raised as much as six inches by outbursts of sand. A shallow 
tank in the compound was Ailed with sand to a depth of a foot and a half. .At 
Sahbazpur a chest containing ornaments was reported to have disaiipran'd intu 
one of the Assures which passed through a two-storcy kutcha-pucca house, comiilrtolv 
wrecking it. The old bod of the Gandak lying west of this village Avas said to have 
been raised and the District Board road skirting the village was thrown into uiKlnla- 
fcions. Some bridges alon^’ this road were cracked and abutments raised ns imu h 
as three feet. 

Villages damaged by simple shaking inclu^^ Tarwa, Devapur, Teinnra, Kniziillah- 
pur, Sarangpur, Rasauli, and Phekuli. Sometimes heavy outbui*sts of sand took 
place in the low lands surrounding the villages, damagi^ the crops and, in tiic 
case of one or two villages, the ground level was reported to^rn^o been ehaj.jgoi hy 
the earthquake. The severity of the shock experienced by th^^. villages could he 
gauged from the fact that the majority of the mud huts were practically razed to 
the gromid. 

Champaran district. 

Motihari (26® 40' : 84® 55'). — Tlxis town, the headquarters of Chaniiwi/tn 
district and with a population of 17,545 in 1931, is picturesquely situated on bo h 
sides of a lake, which at one time formed a part of the Gandak river. The 
suffered severely during the earthquake and Avas isolated for some time owing ^ 
the destruction of railway lines and bridges. Many houses collapsed, l^aulting. 
fissuring and emission of sand from innumerable vents were very extensive, 
cularly along the margin of the lake. Fissuring was pronounced on the 
ground. Most of the wells were sanded. Around the lake, subsidence took 
step faulting, one fault dropping the ground ten feet on the lakeward side. ^ 
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rko<l north-south fault zone which ran across the road near the Bank of Bihar, 
had a downthrow of three feet six inches to the west and was 30 feet wide but filled 
with sand. Houses in the proximity of this fault were bcxiily tilted. The Zilla . 
school and the hospital were severely cracked ; at the hospital sand emerged through 
the floors which were arched into domes, and the roof partially fell. The north 
couipound wall of the jail fell and parts of the main block wore badly cracked. The 
Collector’s house, an old building, was completely wrecked. Damage to biiildings 
at Motihari was largely due to settling of the foundations. The town is included 
in the Slump Belt. According to Mr. Fergusson, Superintendent of Police, the 
cadli movements were definitely east- west. He also refers to distinct thuds which 
he felt whilst sitting on the ground during the shock. 

The foundations of the Court building gave way eompleiely and the cement 
flooi '3 were broken up. Walls were severely fractured and sank as much us one 
f(X)t relative to the floors. In places the lateral movements of the floors apjamred 
to have been as much as Ihree inches ^dicated by cracks. The foundations 
of the Execiitive Engineer’s bungalow’^ gave w^ay and the walls sank relatively to 
the verandah. At the Planter’s Club, pittars wore sheared by outward thrust of 
the roof towards N. 25^ E. The club compound was flooded with sand. The Bank 
of Bihar was completely wrecked. The pillars of the verandah of the Zilla school 
^vc^t^ sheared by the thrust of the roof towards the south west. The top of the spire 
of a temple in the bazaar fell in the direction S. 50'' W. The Motihari Factory is a 
brick building w'ithout a steel frame and the walls collapsed. Th(\ steel girders 
supposing the rust tanks bent over toward.s the north. The steel chimney did not 
collapse, The rails in the factory siding were badly twisted and the sleepers moved 
northwardvS about ten inches. Tek^graph poles fell northwards. The well in the 
factory was filled with sand. 

Sayauli (26° 46' : 84° 45 ). This village is nearly midway between Motihari 
and Bettiah, on the road to Nepal, and i.s on the north-western edge of the Slump 
Belt. There was here much Assuring and emission of sand. The water began to 
come u]) after the shock had subsided and continued to flow^ for three hours. Souwl> 
of the hoiises in the village partiall^ collapsed and most of them were badly craeked. 
In the .sugar factory cracks occurred in the reinforced concrete' foundatiems, which 
sank about thre^^ches. The W'alls of the factory were badly damaged. 

(lol) indy At this small village, about 19 miles south-west of Motihari, cracks 
were rare andf the fields only slightly affected. 

^angrampicr, — In this small hamlet on the Gandak river, about three*, milt's 
soutli-cast^ipl^Gobindganj, the houses were slightly cracked but much sand and wateu- 
were ejected. 

Kcmriya (26° 21' ; 84° 53'). — This village is in the extreme south of Champaraii 
district. The village was severely shaken ; a wood pile bridge was distorted verti- 
e^ally in the form of an arch and the ends driven btHiily south for about nine fett 
ovt'T the roadway. 

Pipra (26° 30' : 85° 00'). — Close to the railway station on the B. & N. W. Rail- 
way, 13 miles S. S. E. of Motihari, is an old disused factory in which the pillars fell 
in a direction E. 15° N. One of them, VJ feet by 2|: feet by 2^ feet, gave an 
acceleration figure of 2,943 mm. per second J3er second. 

Mirpur . — In this small village, about 6 miles west of Dhaka on the road to 
Motihari, many houses collapsed. 
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Barachahia (26® 24' : 86® 03') near Ghakia. — In recent years a large sugar works 
has been established at this village in the Champaran district. The land around 
the Barachakia Sugar Factory was not badly fissured but the building wa.s v( 3 i y 
severely cracked. Three thousand cubic feet of sand came up through t|ie 
foundations of one part of the building. The foundations, made of brick and 
cement, were not broken but moved as a single unit. Fourteen cast iron Cf)lunin.s 
in the centre of the building cracked horizontally as a result of the inertia f)f tlu 
overlying wrought iron structures, which stood undamaged. The walls of the 
factory are of brick set in lime mortar. The east- west wall of the factory fell south 
and the north-south wall fell west. An E.N.E. — W.S.W. wall fell partly N, N. K. 
.and partly S. S.W. Water in a large masonry tank swilled out to the north. The 
tall brick chimney of the factory fell W. N. W. Many of the bungalows here 
were scarcely affected. The movement was definitely recognised as east -west. 

In this area about 4 per cent, of the country was damaged by sand. 

Teiaria (26° 24' : 85° 12').— This village is in Champaran district, between 
Motihari and Muzaffarpur, and is on the edge of a lake. The locality is in tlie 
Slump Belt, and sand vents and fissures were very numerous ; 25 per cent, of the 
high land and 76 per cent, of the low land was covered with sand to a depth of thiee 
feet, and an average of 18 inches to two feet. In one place hard clods of dry silt 12 
inches across were thrown out of the vents. Movements in this village were (kfinih ly 
cjist-west. The house of a sugar planter, Mr. Crane, on the east bank of the lake, 
subsided towards the lake and was completely ruined. 

Muzaffarpur district. 

Muzaffarpur (20° 07' : 85° 24'). — ^This comparatively inoderii town, fuiaulnl in 
the ISth century by Muzaffar Khan, is situated on tlic soutli bank of tho Ourhi 
Gandak and had a p<;pulation of 42,812 during the 103) census. The main town 
is on high ground along the southern side of two large lakes, Sikandrapur lake- and 
Akharaghat lake, which are cut off meanders of the Burhi Gandak. The bazaar, 
the most thickly populatt'd portion of the town, was situated on the south side 
of the Akharaghat lake. Some of the finest houses in the station wctc built close 
to Sikandrapur lake to the north of which is a fine maidan, a portion of 
formed the polo ground. The principal thoroughfares run east and west. 

The gieater part of the town, north of the raihvay station, sulFerod v(‘ry seven ly. 
The damage in the Purana Bazaar and its vicinity was appalling and wides})reud ; 
the majority of the buildings collapsed either totally or partially. The builflin;:^ 
were mostly old and defective two-storey structures built of poor rnatciids. 
The ease was similar in the Kalyani area, Islampur Road, Kedar Nath Road and 
Narwai Bazaar. In Marwari Mahalla and Motijhil the damage was no less severe 
but a number of well-built pucca buildings survived the shock. Many buildin^'N 
might have escaped if they had not been dissected by ground fissures, lien; and 
there several pucca buildings escaped ^unscathed, the most^ notewoj-thy being tlic 
office and residence of the Inspector of Schools and the Apurva Nivas. The wotf*! 
affected quarters were Sikandrapur, Chanwara (west and south of the burhi 
Gandak respectively), Purana Bazaar, Marwari Mahalla and Motijhil. lu 
those areas buildings were damaged by slumping and fissuring of the ground ari l 
by shaking. Fissures, from which fine groy sand and water were discharged, 
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more or less restricted to a narrow zone west and south of the Burhi Gandak, be- 
twoeii Sikandrapur and Chandwara, but were also present in tho heart of tlie city. 
Most government buildings north of the railway station fared badly, some of tlnmi 
partially collapsed. Amongst the few buildings which withstood the shock were 
the Government Records Room (a well built one-storey building), the newly built 
Criunnal Court, and the Town Hall, Immediately south of the Burhi Gandak, 
most of the heavy-roofed buildings situated on an east-west tract of land, cither 
cdlapsed or were severely damaged ; such buildings included the Darbhanga Raja’s 
Jiiran Chapra Hall, tho District Judge’s bungalow, the European Club, I’cjpat’s 
house on Sikandrapur Road, the Kalikothi, tho Collector’s bungalow, Mr. Mahta’s 
house at Chandwara and tho District Jail. Hero the main damage was duo to slump- 
ing and lissuring of the ground. In several cases tho sites were rendered useless 
for the erection of new heavy buildings. However, several oue-storcy struct urCvS 
with light roofs here, including the Post and Telegraph Oflico, escaped. 

South of the railway station most of the one-storey pucca buildings wore saved, 
such as the Enghsh Church, the Deputy Inspector General’s residence, and the 
new Circuit House. Tho railway station was practically undamaged as also were 
some of the railway quarters and the buildings of the Public Works Department. 
No fissures of any magnitude were noticeable here. 

The polo ground at Sikandrapur was intersected by parallel fissures striking 
approximately east and west. The fissures varied from a few inches to one foot 
in width. Nothing was ejected from them and none were very deep. The ground 
was faulted, with downthrow towards tho lake to tho south. Pissures in the eom- 
peiind of Darbhanga Raja’s house, east of the polo ground, from which sand and 
water was ejected, ruined tho entire building. From the fissures in Chandw’ara 
much sand and water emerged and the fissures wore variably aligned from 
W. N. W. — E. S. E. to north-west and south-east. The fissuix^s at Motijhil ran in a 

N. W. — S. S. E. direction, were one to two feet in width and ejected much 
baud and water. 

Most of the wells at MuzalTarpur were choked with fine sand ; tanks wliich were 
dry before the earthquake were lillcd with wmter which flowed in from the surround- 
ing lahd, while others became shallowei’ as their beds \\'erc filled with eje(.*te(.l sand 
and silt. The general water level a{)j)eared to have bceji very slightly affected. 

AvS regaixls tho time of iiuddcmc of the shock the most reliable information 
supplied by the clock of tlic local telegraph office. Tho clock whicli faced west 
btoj)ped at 14.15 hours (I, S, T.), Ihe concensus of oxjinion at tho post office was 
that the time of arrival of the first shock was between 14.13-14.15 hours (1. S. T.). 
I he fu-Ht Khock was a tremor, which increased in violence, attained a maximum 
and died out abruptly. The duration of tho quake was tlireo minutes. The shock 
'vas heralded by a loud rumbling noise, which persisted during the quake. 

The damage suffered by some of the principal buildings may be descrilxjd ; 

All the arches in the portico in front of tho Commissioner’s Court were cracked. 
Hie western and eastern wall of the main ijlas^ running north-south were cracked, 
aa also were the walk in the other rooms. Only a few minor cracks apjieared in 
Itie Criminal Court, a one-storey pucca building, about 2 years old. One of tho 
buildings to escape undamaged was the Records Room, a well-built, fairly 
tall one-storey pucca building with numerous supporting columns, in wliich old 
government records aro kept. The Civil Court buildings consist of a row of 
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ane-storey 'pv^cm buildings aligned north-south ; the walls on the north and .south 
sides came down. A largo f^cfus tree in front of the Civil Court compound avhs 
reported to have swayed to and fro in a direction N. 20® E.-S. 20® W. Ti)c two 
blocks of the Civil Court, one-storey pucm buildings, largely collapsed, 
the Collectorate, a one-storey pncca building, parts of the roof collapsed, the wajitj 
wore cracked and somewhat displaced laterally. The roof of the Account OfKcc 
collapsed. Portions of the roof and walls of the Imperial Bank collapsed and some 
of the east-west walls were leaning towards the south. The District Judge’s bun- 
galow collapsed completely, and the Collector’s bungalow was badly wrecked and 
had to be pulled down. The Telegraph Office, an old building with roof of 
vanised sheet iron, did not suffer much damage. The Past Office, a one-storey kutvhj. 
pucca building, partly collapsed. At the District Jail part of the north bouudarv 
wall and the whole of the south boundary wall (350 feet long, 12 feet high and 20 
inches wide) collapsed. The etistern and western boundary walls showed a hori. 
zontal displacement of two to three inches. Most of the wards were severe! v ( rack- 
ed ; No. 5 Ward and the jail hospital collapsed completely, but the iemalo 
ward was undamaged and the jailor’s quarters only slightly cracked. All the* ob- 
jects in the manufacturing godown were overturned towards the south ; the gauicral 
direction of movement appears to have been north-south. During the (piakc tlw 
level of water in a large tank north of the jail rose to a lieight of three feet, and fishes 
wore thrown up and down. A well on the nortli-western corner of the outer jaii 
compound throw out sand and water and was filled with sand. Mohaniiul Avid), 
the jailor, thought that the shock w^as in a north-south direction and that the time 
was between 14.10-14.15 hours and lasted for about five minutes. He cf)m[)are(l 
the noise before and during the shook with that of a motor engine. 

A zone of fissures, striking N.N.W. — S.S.E. passed through 8ri Naruyaii 
Mahtha’s two-storey kutcha-pucca house, Chandwara. The south-tNistero 
portion of the building collapsed and the remainder, although stand iiv^, 
was badly shattered, A one-storey kitchen at the back of the house sank Jiboiit 
two feet and a cook’s stove disappeared in the fault zone. At this j)lacc .vahr 
spouted to a height of eight feet from some vents and some Pabidina and charcoal 
were also thrown out. The western north-south boundary wall was split by lln’ 
fault and showed a vertical displacement of two feet six inches on the oast sidr. 
The compound was flooded with sand and water thrown out from vents wliiih 
followed the fault zone. The garden in front of the house was dissected by 
of irregular subsidence with a cumulative downthrow towards the north-east of 
six to nine inches. On the road in front of the house, one of the fissures v as 2.) 
feet wide. In a dry nala to the east of Sondhi Bhavan, which was badly sbath n'd. 
many sand vents were formed and the largest, an elliptical crater, was 25 fc('t lon^ 
and ten feet wide. A chimney on the N. N. W. corner of the Water Works 
fell N. 15^ E. The inside .supporting pillars of the water tower fell N. 5" L. 
The banks of the river, immediately to the north of the works, were faulted 
longitudinally, the amount of throw being ten feet. Syed Muhamad Vakil’s huii^se 
collapsed. According to local legend two cyclists disappeared into a 
wide fissui'e which ran along the road in front of the house. The southern and 
eastern wings of Kalikothi, a one-storey pucca building south of the lalte, col- 
lapsed. About 200 yards south-west of the main building ejected sand and water 
rose to a height of four to five feet and knocked down a lad. The spire on the top o 
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tho Clockiower in Purana Bazaar fell south and the clock fell to the N. 10®E. Apurva 
Nivas, a newly built, two-storey puc-ca structure escaped with minor cracks. The 
Juran Chapra Hall (property of Dharbhanga Raj), an oidpi<cca building, collapsed 
completely. The European Chib, situated on the southern edge of the lake, was 
a ktUcha-puc-ca structure containing a large central hall wdth a galvanised sheet 
iron roof, and it partially collapsed. Tejpat’s house, on Sikandrapur Road, is a 
massive newly built, two-storey, pucca building in three separate blocks connected 
bv overbridges built on arches. The house had a verandah on its w(‘st wliich was 
HupiM)rtod on pillars. The arches of the overbridges opened, iHolatiiig tlie tlutKJ 
blocks ofT)uildings from each other. Tho northern and southern blocks were tra- 
versed by a wide east-west crack. The central block sank bodily about one foot. 
Darbhanga House, Sikandrapur, an old fashioned one-storey, pncca building was 
damaged partly by shaking but more particularly by ground lissurcs, which wviv 
here extensive. One of them was 3CK) yards long and six to eight feet wide in places 
and ejected sand and wat(*r. Where they had not collapsed the walls had gaping 
cracks in them. The main portico on the west collapsed and one of the masonry 
pillars fell towards W. 15° 8. The flagstaif was tilted in a westerly direetion. 
The pillara of the east-west verandah on the south were inclined cither eastwards 
or westwards. At the Jackson Memorial Methodist Episcopal Oliurch, one of the 
two gate pillars fell N. 22°-23° E. and a cross, on the portico in front of the (Tuircb, 
fell W. 12° N. The probable distance of projection was seven fe(^t. Tlje roof of 
tho Roman Catholic Church collapsed and the bell was Hung from the belfry a 
distance of 15 feet a height of 20-25 feet in a direction N. ()0° E. 'the Churcli of 
England was damaged by cracldng and collapse of some ornamentations. 

Musfmri (26° 06' : 85° 27'). — At this place, six to seven miles cast of Muza- 
ffaipur, there is a sugarcane research station, situated on higher ground adjacent 
to an old ox-bow of the Biirhi Gandak river. A masonry irrigation channel run- 
ning north-south was buckled up and down, the distance between the crests being 
240 feet. The sugarcane crops were covered with thick deposits of line micaceous 
sand to a depth of 1-J to two feet. Mr. Cliff of the research station wavS of the opi- 
nion that the sand was shallow in origin and came from a depth of less than 100 
feet. One corner of the field slumped a.s much as four feet, due, probably, to the 
ernisskm of sand from vents. There was no indication of any lateral shift or slip 
into tho old ox-bow, since tho fence between the field and the banks of the ox -bow 
did not move laterally. On the western side of an embankment distinct hununoeks 
appeared in the ground. 

The country on both sides of the road to Mushari was dotted with sand vents, 
tin(5 micaceous and carbonaceous sands filling tho nalas on both sides to a depth 
of three feet or more. 

Sheohar (Shiuhar) (26° 31' : 85° 18'). — This village, situated in the south- 
west of the Sitaraarhi subdivision and three miles north of tho Baghraati, was badly 
affect(‘d and comes within the Slump Belt. Tho Raja's palace collapsed. Mud 
huts, although standing, were heavily cracked. Pillars (12 feet JI inches by 3 feet 
3 inches) at the end of the bridge over the Lakhandai fell to the south and north. 

Hdsand (26° 27' : 85° 24'). — This large village, situated on the east bank 
of the Old Baghmati about 27 miles north of Muzaffarpur, was badly shaken by 
fho earthquake and is in the heart of the Slump Bolt. Mr. DoRson’e bungalow 
completely collapsed and slumped. The village was overrun by extensive fissures 
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and mucli sand and water emerged. It was reported that the water had a tim 
poratnre of a hot bath. In a neighbouring village, Atri, many mud huts col. 
lapsed. 

Motipur (26® 18' : 85® 12'), — This village, about 16 miles north-west of /a* 

Ifarpur, owes its importance to an adjacent large sugar factory. The majoritv of 
structures at Motipur appeared to have fallen north and south. The new yic-a^. 
works was not badly damaged and continued working after the earthquake. '1%. 
mill foundations sank uniformly and not unequally, a total sinking of 16 mm, tcikiii^r 
place. The roofs are of light galvanised sheets supported on brick walls, J’Ik. 
N. N. E. — S. S, W. walls were badly cracked and the E. S. E. — W. N,* W. wnlls 
fell towards N. N. E. The cross plates in the roof girders were bent. Many cracks 
developed later, on the night of 19/20th January. A 160 feet high steel cliimncy 
remained intact. The old sugar works collapsed. The bungalow was badly 
damaged. 

Fissures ran all along the road, mainly striking north-west ; sand vents wi jc 
numerous and the ejected material varied from grey micaceous sand to fine silt. 
The railway lines and the bridge were severely damaged. North of Motipiu, tlio 
northern end of a bridge was squeezed, pushing the arch upwards. 


Darbhanga district. 

DarbJianga (26® 08' ; 85® 54'). — This large town, with a population of 60,67<) in 
lljJU, stretches for five or six miles along the bank of the Kamla Nala in a nortli- 
south direction. The principal buildings form the residence of the Maharajnh of 
Darbhanga. 

The town wtis severely shaken by the earthquake but the damage was less tliiin 
at MuzalTarpur and the destruction of buildings was not so wholesale. A ve? y 
largo number of buildings, particularly in the heart of the town, collapsed or were 
badly damaged. Quite an appreciable number of kutcha-piicca and pucca liotisrw 
survived the shock remarkably well. In general, walls running from cast to west 
fell and those aligned north to soutli w^ero craokod, but in several iustaucos tJic 
reverse was the ease. The buildings belonging to the Maharaja of Darbhrin<fa 
fared badly. The Nargaona palace was so badly damaged that it had to be pulled 
down ; the Lachmiswar palace, Anandbagh, cscajied with a few cracks in the walls 
and floors, but the clock tower of the palace was badly cracked and had to be dis- 
mantled ; the damage done to the Rambagh palace, although extensive, was lud. 
severe, but the Treasury Building which adjoined it to the south was severely alT- 
ected. Fissures wore practically absent from the town itself but the polo ground 
was affected as also the compounds of the office buildings of the Darbhanga Raj ; 
these buildings wore affected by ground fissures in the same way as in Muzaffarpur* 
The worst affected area in Darbhanga town was Katki Bazaar; the locality was 
densely jjacked with two-storey hyichu-p'iicca and kutcha buildings which were hI- 
most razed to the ground, and few buildings escaped. In the Bari Bazaar area the 
devastation was not so extensive but a larger number of buildings mifferod from 
the shock ; several two-storey buildings were but slightly damaged, and a b w 
esca|>ed entirely. Although the Kamla flows immediately to the west of Bari Ba/ar 
it is remarkable that the site was undisturbed by any fissures. Details of the 
damage to some of the principal buildings are given ; 
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The Raittbagh Palace consists of a group of one-storey buildings separnted 
from each another by rectangular courtyards ; the length of the entinj building 
is aligned N. In general the palace buildings were affected only by oeoa- 

rtional cracks, which were mostly in the southern walls of the mahi group of build- 
ings. Some old cracks in the roof were re-opemed but none of them were serious. 

A number of small turrets on the eastern parapet of the main building fell, mostly 
in a southerly direction. A turret on the westein side fell towards W. 35^N. 
At the southern extremity of the palace a largo brick dome was flung from the para- 
T)et. about 30 feet above ground level, to a distance of 12-16 feet in a direction »S. 

8' W. On the northern side the turrets fell in a direc'tion N. 5'" E. The east- 
west boundary wall fell partly towards the north and partly south. A well in the 
western compoimd was choked with sand and fine sand was ejected from several 
narrow fissures in the compound on the south-western side of the building. The 
eld Treasury, situated at the extreme south of the Rambagh Palace, was heavily 
damaged; the building extended east-west. The roof collapsed, and for the most 
j)art the east-w^est W'alls fell southwards and the north-soutli walls were heavily 
cracked. Portions of the east-west boundary walls on the southern side fell either 
nort.li or south and the northrsouth boundary w^alls wxre cracked. The cfuitral 
hiU'ha-picca part of the Nargaona Palace, which consisted of several two and three, 
storey buildings^ totally collapsed but the newer piura buildings esiuiped witli 
minor damage.'*^ Observers stated that the main buikling swayed in a north-south 
flin^etion before the roof and the floors collapsed. A fissure, striking K. 8. E., from 
whieli sand and water were ejected, cut across the building. At the Lachmiswar Bilas 
Palace, Anandbagh, a well-built, two-.storey jmrra building elongntc'd north-south, the 
( look tower on the eastern side was heavily (tracked and had to be. dismantled. Tiro 
cloftk stopped at 14.13 hours (I. S. T.), palace is situat'd betw'cen two large 

tanks (ju its east and west. The (aunponnd betwc'en the palace building and the 
tank on the east was covered witli a little sand ejected from vents and rissures. In 
the fhirhar hall the north-south walls were undamaged luit ilut cast-west walls, 
md the rooms adjoining to tlie south, W(T 0 badly (U’acked by narrow ground lis- 
sur(‘s wliieh travelled up the w^alls and across the ( (ulings. The nortli-south eor^ 
lidor on the east was damagcHl similarly. With the ('X(‘eption of thf\Me cracks the 
(ntire building IVithstood shock remarkably well. I’ln^ (‘cntral pyramidal 
tower of the Kali temple was sheared at the base by a diagonal thrust acting from 
the north, and the entire pyi'amid was jiuslied slightly to the south. 11ie turret 
(>u thi' north-e.aste.rn corner of the roof fell in a south-westerly diieetaon, tliat on 
the soutJi-eastern corner fell 8. lOAV. In the oiie-.sion^y laitrha-pucca buildings 
<4 the Government Zilla Sidiool the north-south walls Aveie s<^ver(‘ly craf^ked, the 
f ast we.st Avails only slightly. Portions of the buildings collapsed, and roof arches 
O' cracked, 13io Darblianga Medical School w as damaged more eousiderahlv 

the south-eastern side. The E. S. E.—W. N. W. wadis wane damagtal more 
considerably. The high walls of the Post Office, .a one-storey, hnlcha building, 
cracked and there was partial collajise. Tht‘ Post Oflice, (dock stoppfa] at 
14.17 horn's (I. 8. T.) and the postmaster was of tlio opinion that thi^ slioek came 
burn thi^ nortb-w^est. The Railway Station buildings liad only minor cracks and 
' ran north-south parallel to the platform. 

Laheria Serai (26° 06' : 85° 54'). — This comparatively ncwlydmilt town, the head- 
’j'(arter8 of parhhanga district, is situated immediately south (jf Darbhanga towu). 
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Damage was considerable, more particularly in two-storey structures ; even syoh 
a well built structure such os the Civil Court oouid not withstand the shcvck. ^ 
large number of buildings in the bazaar area suffered, both on account of the 
shaking as well as by ground fissures. The road levels changed in places and 
sand was ejected from many of the fissures. Some of the affected structures mny 
bo described : * 

The CoUectorate building is a one-storey pucm structure with verandahs on 
all sides, the offices of the Imperial Bank of Jndia and the S. D. O.’s ijla^ hcijjg 
located also in the southern block. Cracks devglpped in most pf the walls. An oast, 
west crack affected the north-south walls just north of the Collector’s ijlus caus- 
ing the junction between the roof and the east-west wall on the northern .sido of 
the Collector’s room to cleave and the wall to lean towards the south, the horizontal 
shift, being about throe feet. The eastern portion of the iiorthern block was more 
damaged than the western side. There were small collapses from the roof. ,Sand 
and water were ejected from fissures and small vents on the western side of the 
court compound. The Civil Court building weh a well-built two-storey pucm struc- 
ture aligned eiist-west and with two wings on its eastern and western sides. The 
main portico on the northern side was badly cracked and had to bo demolishtHl. 
The first floor of the building was badly damaged. In the eastern wing part of 
tlie north-eastern corner crashed and fell towards the east and the roofs of both 
the ground and first floors collapsed bringing down with them one of the east-west 
walls ; portion of the roof in the central portion of the first floor collapsed ; (he cast- 
west walls showed evidence of horizontal shear. The jack-arched roofs of tlic 
western wing were badly cracked in an east- west direction. Both verandahs on 
the north and south collapsed and fell outwards, damaging the east- west walls. 
The ground floor of the building wa-s also severely affected. The 1’owii Hall is 
a one-storey pucca building aligned in the dii*ection E. 10® S. Tlie walls were 
cracked and portion of the roof on the western side was heavily damaged aud had 
to be dismantled. Direction of movement in this building was along its short 
axis (i.e., north-south). The main hospital building was so damaged that it was 
dismantled, and some of the wards were almost equally affected. Several fissures 
travei’sed the compound. At the District Jail a portion of the east- west 
boundary wall, 15 feet high, on the north, collapsed and fell south and over 
three-fourths of the east- west wall on the south collapsed and fell north. Both 
the north-south walls showed numerous vertical cracks. Cracks appeared in most 
of the buildings, the north-south walls being affected more than the east-west. 
Some of the cracks were several inches wide, and extended from the ground. 
The entire upper storey of a two-storoy piiccii building which belonged to the 
late Mr. Aditya Ch, Bose collapsed. Both the east- west walls fell for the 
most part towards south* The kutcha-piicm house of Mr. Monoranjan Sinha, 
Deputy Magistrate, which has a light thatched roof, was affected only bv minor 
cracks, mainly in the north-south walls. The first floor of the two-storey house 
belonging to Babu Manick Chand, late Treasurer, Government Treasury, in 
Bengali tola totally collapsed. On the ground floor the north-south walls w ere 
heavily cracked, the east-west walls only slightly. Iix> the quarters of Mr. 
Mohammed Sadiq, Deputy Magistrate, a one-storey kutcha-pucca building ah* 
gned N. 10® W., the north-south walls were cracked by shaking while the east- 
west walls were fractured by slight sinking at the eastern and western ends of the 
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h use. sand vents occupied the compound and the well was choked 

with sand. In the baaiaar almost all the buildings either tumbled down or were 
badlv affected, The damage was aggravated by heavy sanding and iissuring. 
In places the road level was raised. The direction of movement from fall of build- 
nas appeared to be mainly north-south. The railway station buildings were a 
little damaged by cracks. Sand was ejected on both sides of the platform and 
in patches in the vicinity. The east-west walls of a goods shed, aligned north- 
south, collapsed. The east-west walls of several houses close to the station col- 
lapsed. There were definite indications of north-south movement in the vicinity 
of the railway station. 

^^(ikri (26'' 12' : 86° 06').— -This small village, 12 miles E. N. E. of Barblianga, is 
just outside of ispseismal X, but the ravages of the earthquake were not so im- 
pressive as at Laheria Serai or Darblianga. There are hei-e no two-storey heavy 
buil^lingf^ and very few of the one-storey pucca and kutcha-pucm liouses collaj)sed 
ill the s(mae of tumbling to the ground. However, cracking of these houses was 
severe in comparison with similar buildings elsewhere within isoseismal IX. Sand- 
ing at Sakri was noticeably absent although sand vents were seen in profusion on 
both siiles of the road to Darbhanga outside of four miles from Sakri. Sand vents 
wtre noticed occasionally up to three miles south of Sakri on the road to Bahora 
but beyond that such phenonmna were rare. Within this stret(di of the road, 
emission of sand was at its maximum near the village of Harpur. Here the sand 
extended over a distance of several hundred yards covering the land to a depth 
of a foot and half in places. The roads were slightly damaged here and them part- 
Iv by subsidence. The masonry bridge at Sakri was damaged. Heavy outburst 
of sand was noticed a couple of miles east of Sakri on both sides of the railway and 
iht' railway embankment subsided unevenly. Beyond half-a-rnile north of Sakri 
and up to Lohat, emission of a fine grey sand was frequent, attaining in places a 
depth of noafly two feet. Some of the damaged buildings . at Sakri an> described 
}«‘loiv : 

in the one-storey pucca built Dak Bungalow, aligned north-south, the lower 
part of the nothern walls cracked as a result of nortli-south ground fissures. The 
castorn, and western walls were unaffected. The floor of the castt^rii verandah 
moved one inch to the east. Sand vents were associated with north-westerly 
fi8snn‘s to the west of the bungalow\ The chowkidar of the bungalow felt the move- 
ment (tuning from the west and heard a roaring noise like that of a motor 
car. He was unable to stand during the movement. An unfinished building 
close by also showed similar evidence of movement in an cast-west direction ; 
fho central portion of the western verandah collapsed and all the pillars fell 
towards the west. The village "school, a hitcha'pucca structure, wms little 
damaged, Jn Abdul Wadood’s house, an old one-storey kutrJi.a-2)U(‘ca building 
built around a central courtyard, the north -south wmlls were cracked, and the 
rcof of a room in the north-w^estern corner of the house collapsed. Portions of 
the east- west parapet at one side of the building fell either to the north or 
The village mosque was not damaged except for a few fine cracks on the 
central dome. Of the foiir turrets that on the south-w^estern comer fell towards 
p. ^iid the one at the south-eastern corner fell towards the north-west. 

ine f racks were present in the paved court of the mosque compound. Most 
P^c>ple agreed that the shook came from a north-westerly direction. The 
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minarets of another mosque on the Sahri-Jhanjharpnr Road fell but the mttsnn 
itse]f was not damaged. 

Lohai (26^ 17' 08'). — The approach to Lohat was marked by 
and large sand vents. A. large number of houses were cracked badly but very 
of them collapsed. Some of the bungalows of the Indian employees of the Lohat 
Sugar Factory were damaged by fissures. At the factory the east-west boundarv 
walls fell both north and south but the north-south walls were standing, 
steel chimney was not damaged. The east-west walls of the manager’s office were 
more severely cracked than the north-south. In one room a north-south wall 
was inclined eastwards and was separated from the roof by about two inches, ^ho 
southern wall in this room was heavily cracked. The eastern portion of this hnihi. 
ing sank about three inches and the floor in the same room was cracked in a north- 
south direction parallel to the joints of the patent stone slabs. Bottles on a rack 
fixed to the western wall in the laboratory fell westwards but none of thns(‘ on a 
similar ra(*k fixed to the eastern wall fell. Large glass jars in this room fell soat}). 
wards. The floor of the power house was covered, to a depth of one foot, with 
fine grey sand, which emerged from sand vents on the nortli-wostern corner of tin* 
house. A crane supported on two joists running north-south rolled fi*orn north 
to south at the commencement of the shook and remained stationary at tiic h\. 
treme southern end. The floor of the mill house was tilted to the north-west, snh. 
siding nine inches at the north-west end. The floor of the power house sank 
slightly. The eastern and the western walls of the store room (N. 20°E.- -S. 20 VV.) 
also w(^re more cracked than the other walla. Portion of the floor sank find was 
covered with sand about two feet deep. The east-west walls of the goflown slicd 
collapsed and fell both north and south. Inside the factory a large syiMj) lank 
(10 foot by 0 feet), made of steel, rotated in an anticlockwise direction and the 
westen corner shifted southwards from its former position by 30 inches. In the 
factory compound the water level rose ; a trial pit was dug in the (;orn})oun<l sunn 
after tlie earthquake and water was encountered at a depth of 4^ feet ami it stood 
at this level for several days. Later, however, the water level subsulfd. llw 
normal water level for that time of the year is at about six feet below the surfa* o. 

Pandaul (2G'’ 15' : 86° 04'), — Sandf^veuts and (qeeted sand were notiin d in 
the cultivated fields on both sides of the road from Darbhanga to Pandmil. Db' 
masonry bridge at 2J mile from Darbhanga was damaged. Tiie village itself nl^io 
showed signs of a severe shaking. The bungalow of the Manager of the Kij 
Estate sufTered badly. The southern portion sank and loaned towards the hohMi 
and the verandah on the eastern side leaned outwards. The western pertiou of 
the house also subsided. TJie roof of the central hall collapsed. The 
reported that ho felt the shock coming from the north and heard a liiaivy lunibliiui 
noise. The shock lasted from two to three minutes. The strike of fissures on 
the eastm’n side of the compound was E. 8. E. — W. N. W. 

Pusa (25° 50' : 85° 40'). — 'J’his was the site of the Government of India, liupcri'il 
Agricultural College, with research laboratories, experimental cultivaiion faun 
and cattle-breeding farm, and is situated on the southern bank of f ric IJurhi 
Gandak, near the western Imundary of Darbhanga district. The estate covrrs 
an area of about 1,.300 acres, of wliich some 800 acres were cultivated, the reiaain' 
der being occupied by roads, avenues, house sites, etc. 

The comparative isolation of the placre and the damage sustained by the 
ings led the Government of India to abandon the site after the earthquake 
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cmove the institution to within easy reach of Noav Dt^lhi. The grounds of the 
Estate were traversed by large fissures varying in direction from W. N, W.— 

S. E. to N*. W.— S. E. The fissures wore not very deep and breadth varied 
from a few inches to one f(X)t. At one or two places the diiuxtions was N. E. — 
q TJic magnificent two-storey Institute building was destroyed by a set of 
pannllel fissures running the length of the building. Its site, close to the southern 
bank of the Burhi Gandak, was unfortunate for this ty\H> of heavy structure. This 
building was perhaps the most costly single Government structure wliich was 
damaged by the earthquake. Cracks in the walls were more prominent on the 
northern or river side of the building. A number of biingalows Avithin the estate 
wore Ividly damaged ; those traversed by a line of fissun^s subsided, gaping eiacks 
appeand in the walls and the floors cracked. Several buildings esea]>e(l with 
minor damage, especially on the southern side of the estate aAvay from the river. 
Sand and w^ater welled up quietly from fissui-es or wells at Pusa and not in the form 
of fountains elseAvhcre. A description of the damage done to the more import- 
ant stnicturcs is given : 

The massive Wo-storey Institute building (including Pbipj>’s laboratory), 
digned in a direction E. 20'^S., lies south of and within a stone's throw of the Burhi 
(;andak. The main building has two wings projecting south at right angles to 
its long axis, af the eastern and western ends. A huge central dome, abovci the 
main strairease, is supported on pillars, arches and walls «>f sarulsbaie, and is s\ir- 
rciinded by four smaller domes. Two solid brick towel's surrnonnteti by doin(‘S 
tM'('ii])y the centre of the terraces of the wings on the eastern and wi\'^tei’n sides. 
The entire building wa^ dislocated by five parallel ground fissures which f\\t.e.nd(‘d 
from the ground to the first floor, from one end of the building to the. olbc^r, al- 
tliough they Avero more prominent on the eastern sid(^ and wore more in (‘viihuiec 
on the river (northern) side of the eastern wing and they diminislied both south- 
wards and A\a\stwards. As a consoquence of thes(^ cracks, some of whi(;h were 
'several inches wide, .several pillars of the eastern A^arandah were ineline<i eithc^r 
towards the north or south. Some portions of the south-western eorncT of the 
soutbern verandah of the eastern Aving fell towards the west and some towarrls the 
south, fjiul the j)araj;>et together A\dth several jiillars Avas tilted towards the w^r^st. 

of the longitudinal cracks displaced the northern portion of f astern Aving 
from near its junction with the main Aving and as a result ]>ortion of the sanu; 
'*ving sank about eight inches. The eastern wing avUvS furtber damaged f>v a trans- 
verse (Tack which caused the south -Avestern corner to tunibk- soiitliwoirds. I’or- 
tioris of the roof both on the norih-AveBtern and south-Avesbwn eormu's of tlie ( ast- 


wing also collapsed. The cement floors of the Avhole buikling and tbe marble 
floor fd the central entrance hall were cracked, as also, of conrse, the ])art-ition Avails. 
I he nort h -w^Bstern and south-western jiortions of the roof of the west wing col 
lajwed, hut the partition (north-soutli) walls Avere not so sf'verely cracked as in the 
Aving. In this wing also a narrow transverse crack eaus(al collapse of the 
south eastern corner. Portion of the south-western (;orner of the southern ver- 
andah of the western wing tumbled doAvn part towards the west and part towards 
® cast. Pillars on the balcony in this wing Avere tilted toAvards the west. The 
main (E. 8. E. — W. N. W.) walls of the main building Avere little damaged a nd none 
m many glass windows were cracked or damaged by the movement. Natur- 
^ > tho cracks followed planes of weakness, such as tlio junction of the slabs of 
at fitono forming the floor and also the sides or tops of the arches and 
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doorways. Portions of the concrete floor on the northern side of the eastern and 
the western wings were upheaved and the floors gave way near the joint planog 
through which some fine sand issued. 

In the rooms of the first floor many objects fell, the majority towards th(‘ north 
or south, but the direction may have been influenced by the manner in wliioh the 
building w'as opened up by the east-west fissures. A few objects fell towiirds the 
west. The partition walls on the first floor, particularly in the eastern wintr, 
badly affected by gaping cracks. One of the partition walls in the westx rn end of 
the building was displaced laterally, to the east at its north end and to tlu? wost 
at its south end. 

In general the roof of the main building was arched along an E. S. E.— W. N. W. 
axis. The old cemented cracks in the roof were oiiened up along the long axis but 
a few transverse cracks were also developed. In addition there were 
tudinal cracks on the roof. 

The compound of the Power House was covered with sand about a foot d(('|) 
in jilaces. Sand and water flowed from a well 30 feet deep and the w(di 
Cfime choked with sand. The well was re-excavated and at the time of visit iv» 
water had been obtained down to a depth of 45 feet. The chimney at (las 
House was twisted clockwise to the extent of 15^ and a 15 inch square masonry 
pillar 99 in(!he8 high broke off three inches from the base and fell in a N. M. P dine, 
tion. Using West’s formula this gave an acceleration of 1,500 mm. j.'cr sccon l 
per second. Firebricks from a pule fell duo north. 

The llirector’s (Dr. Macrae) bungalow escaped with minor damage to the walls. 
A wash basin full of water, standing against the northern wall of the }>ath room, 
splashed water in a direction S. lO^^W. A tank spilled water both to the nca lb and 
south. A fan in Dr. Macrae’s bed room oscillated north and south. 

No. 9 bungalow was the worst affected house on the estate. It was s(‘V(T( !v 
damaged by a large fissure about 200 yards long and two to three fee t wide, and 
the strike of whicli was E. N. E. — W. S. W. Mr. Joseph’s bungalow was badly 
damaged. The north-west wall on the western side of the bungalow fcdl towards 
the west and the east- west wall towards the north. In the dining room two bot- 
tles of sauce were bodily thrown to a distance of four feet in a westerly direction 
from the middle of the dining table. A crack over half a mile in lengtli passnl 
througli the Tara (sick) animal shed and on to the polo ground, the ground sab- 
fiding one foot to the south. 

During the shock the calves stampeded and ran towards the cattle sln d. db' 
milch cattle were let loose and were running excitedly in all directions. Next morn- 
ing there was a drop in the ydcld of milk. Other cattle showed signs of cxciUnKiit. 
Several dogs were rushing about. 

Bahcra (26^ 05' : 86^ 07'). — This village Ls situated about 20 miles south- 
east of Darbhanga. The damage to buildings lierc was not so great as at ftir- 
bhanga — mainly because it possessed no heavy structures — but it has hcoii im luo 
ed within isoscismal IX. Almost all the houses hero were cracked, even though th' 
roofs were mostly light. Several jnicca houses in the bazaar collapsed, killing t.' ' 
persons. Emission of sand was not extensive within the village; few 
ohoked but others were free. The police Sub-Inspector reported that the 
came from a N. N. W. direction at about 14.10 hours. The police station v j 
were cracked above doors and windows. At the Dak bungalow all the wa oa » 
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tho rooms were cracked but the eaat-west walls suffered the worst, and parts of 
i]](* arches of the western verandah came down. The direction of movement ap- 
peared to be east-w'est. The chowkidar said that the movement enmo from a north- 
Avcsterly direction. The north-soutli walls of a one-storey bim^i^alow, south-west 
of tlio Dak bungalows w^rc more heavily cracked tlinn the oast-west walls. At 
llic hospital, a one-storey hutch a-pnem building, the oast- west walla were cracked 
jiiorc heavily than the north-south, bhe dirccti('n of movement in this building 
appears to have been east-west. Assistant Surgeon H. B. Ghosh reported that 
lla- hospital pendulum clock, which was hung on the western w^all, stopped at 14.14 
jiours. A wooden bracket fixed on an eastern wall fell towards the w'est. In 
tlic compounding room all the bottles in the almirahs standing against the western 
wall fell toAvards the east. The Assistant Surgeon heard a rumbling sf)und coming 
from the north-west but saAv the building swaying in an cast-west direction. In 
tlK* Assistant Surgeon’s quarters it w'as the east-west walls that wa re aiTect(‘d the 
jnosi. Cracking of the north-south w^alls w^as (mtirely due to struelural wTakiu'ss. 
Ai iho Benipur Indigo Factory, about a mile and a half east of Bahern, tlie masonry 
( luumey swayed in a north-south direction and portions fell botli to the north and 
snuili. The manager’s bungalow was slightly damaged and tlie chimney fell to- 
wards the west. According to the manager’s wife the shock commenced at 14.10 
hours. 

iUrhampur (20'^ 12' : 86^ 0(V). — In this village to the south of Sakri, the 
walls of a few hufcha-pucca and kutcha buildings fell, but a numhor of one-storey 
LufrlKhjmrca buildings escaped damage. Some fissures and sand vents were notic- 
ed ill the centre of the village. 

ihrifahaha (20'' 15': 80*^04'). — The bridge on the Kainla river near this village 
t'ollapscd. The road and the surrounding cultivated land, (‘specially close to tJjo 
village, Avere heavily damaged by fissures and sand vents. Ncrth of Daitahaha 
llio sand deposits w'crc grey and cream coloured and coars('- in t^'xtuns Near the 
Karnla the fissures were parallel to the river hank. 8ome mud liuts were badly 
damaged. 

JnyticKjar (26^ 35' : 8(F 09'). — This village was badly damaged, and it is just oui- 
si<le i^ioseismal X and at tbe edge of the Slump Bcdt. Some 100 people wa re killed, 
buildiiigs in tlic bazaar area sank and the floors wore craekod ptTmitting sand to 
< uini' tlij’ough the floors. Sand was one foot de(‘p in the dis])ensai’y eompoimd. 

I he disp usary and the doctor’s (juarters slum])ed into the ground. Wells were 
filh'd with sand. Railway lines avctc badly twisted and buckled and some of the 
hiidges collapsed. Additional cracks developed in buildings by the later shock on 
the 2r)th of January 1934. 

^lynra (26° 17': 86° 18').— Heavy ejectment of sand from vcnts^'w'as noticed 

hoth sides of the road close to this village near Jhanjharpur. 


Phrdparas (26°21' : 86°29').— This small village in Madhubani subdivi- 
' i'U lies to the east of Madhubani. The mud huts with lightly thatched roofs 
re luidamaged, but half-a-dc-izen kutcha- pucca buildings were badly damaged. 
- e fissures or sand vents occurred in the village, althougdi sanding was abundant 
h w to the north and south. Some of the avoIIs in the village w ere elioked 
^ith sand. Most of the villagers agreed tliat the shock came from a north to 
tp. ' * sometime between 14*10-14*15 hours. A rumbling noise, like 

Jit of a motor car, was heard during the shock. 


B 


o 
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The Oak bungahnv sustained slight cracks. The north-south walls of the 
Spirit Warehouse, a kutcha-pucca building, were badly cracked, but the east-wost 
walls wore not much affected. The ofl&ce building to the east of the warelioui^o 
collapsed completely. The Registry Office, a one-storey kutcha-pucm buildir.cr 
partially collapsed. The eastern verandah was the first to collapse. The gn at* r 
part of the 8iib-Registrar’s quarters, a one-storey puc4:a building, was raz( <l to 
the ground, only a portion of the room at the south-eastern comer of thr bouse 
was left standing. In the northern compound nan*ow fissures ran 
about an inch wide. The south-eastern portion of Ramjiwan Dube’s oiie-steruY 
kutcha-pucca house collapsed. The western wall was leaning towards tiu' cast 
and the south- wesU^rn corner foil. Portion of the south-eastern corner of thf* 
eastern wall also collajised. A two-storey kutcha-pucca building near by (•f)l!a]>:('(l 
altogether. 

Pipra Ghat . — Ejectment of sand was moderate here. 

Chanauraganj (26'' 17' : 86^^ 19'). — A largo number of huts in this villa;ro 
were damag(^d and about half-a-dozen totally collapsed. The crops in the sur- 
rounding lowlands were damaged by emission of sand from vents. 

Sarso Pahi (26' 15': 86^09'). (Collapse was confined mainly to a b w old 
kaf.cha-pucca buildings. Most of the newly-built buildings showed little siirn of 
damage. 


Bhagatpur district. 

Svpaul (26'' 96' : (S6'’' 56'). This town is the head([uar<ers of flic sidxliMoon 

of the same name in Bhagalpur district. It is on the northern edge of th<' Sliini]) 
Belt but the damage was by no means as severe as in towns to the west. Ib^lh 
subsidence and shaking were responsible for the destruction of buildings in Siipat;!. 
(Jovornment buildings were the most severely alfected, but the majority of thisf 
could be repaired. In the bazaar several kutcha-pucca houses partly (*()II;ijtt<r<i 
and all were badly cracked. Ground fissures caused fracturing of the wnlls "f 
some buildings. An abaiKhmed brick sugar mill two miles cast of the town joj' 
tially collapsed; the top of the chimney (free to move equally in any diiYM tinn) 
fell to the west. The dominating ground tremors were definitely east and west. 
Roads both in the town and subdivision were fissured. Embankments sank aiuJ 
sand vents were formed, more particularly along the District Board road 
of Supaul. 

Emission of sand was not heavy in the town. The water level in wells rdse 
slightly after the oarth(|uak(^ Although most people were of the opinion that 
the shock ac^ted in a N, W, — ^S. E. direction, the direction of fall of objects w;is 
mostly towards the west. At the Railway Station fissures ran north-south ah nii 
the platform, and the station building was cracked over the arches. 

The eastern verandah of the S. D, O.’s quarters, a one-storey pnnyi hnihlit';^! 
(’-ollapsed completely and the bungalow was badly fractured. The !Subdi\ ision'd 
Officer, who came out of the court at the eommenecunent of the shock, rcniaiit ti 
that the ground first moved up and down and this Avas followed by ripph's fn«)viiit: 
from north-west to Bouth-east and finally by a violent shaking in all dircclioiio 
The walls and floors of the Criminal Court, a one^-storey pticra biiildicgi 
cracked and there was unequal subsidence. The sinking continued for 
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(iays eftrth< 5 [uake, doors which, could be opened at first became jammed 

Verandah pillars leaned outwards. The Bar Library was completely 
I’uined. ’Ihe Registration OflB.ce, a one-storiiy pucca building, sank and was 
tilled towai-ds the east and the long east-west walls were badly cracked. Several 
uround cracks running in a general N. E.—S. W. dinu^tion traversed the com- 
pound south of the building. One of the worst affected buildings in Supaui was 
Williiiiiis ^ one-storey building x)artly pucai and partly hUcha- 

pucca and through which ground cracks passed from east to west. The walls, 
doors and the roofs of the side rooms were split open. There were about ten such 
cracks varying in width from i-inch to as much as three inches. In gerural the 
east-west walls were less damaged than the noilh-soutb. Some of the cracks 
afl’ccted the well in the western compound. It was stated tliat sand at tirst gushcil 
out to a height of four or five feet and was followed by a column of whaler of the 
same licight. The sand emerged just as the main shock diminished and the water 
almost at the end o\ the whole shock. Fissures in the compound ran E. N. E.- - 
\V. N. W. and N. E. — S. W., the groiuid x>artly sul^siding. Thi^ ileadma.sicr of 
tlu^ sc hool thought that the shock commenced at 14*10 hours, from the nortli- 
wf'st, and was preceded by a loud rumbling noise and triunors. As he was stand- 
ing in the compound he noticed distinct surface waves the huigtli of which, he 
thought, was between 25-30 inches from crest to crest, 'i'he movc'inent was lateral 
as well as vertical and ho had diflBeulty in standing. The church walls were 
cracked by east-west ground fissures and the building sank a litth^ on the noilhern 
side. The western wall leaned towards the west and tlu‘ easitun towards the 
cask The .Oak bungalow was affected by a few slight cracks. At, ihe (.!o-opera- 
live Bank, a one-storey pucca, structure built in 1925, all the Avails had horizontal 
as well as inclined cracks. The building sank near the ccuitre aud was lilted 
towards the north. Fissures | to ^-inch wid(‘ and striking N. lO^'E. were present 
heth on the eastern and the west,ern sides of the building, but no sand was ejected 
although sand emerged from fissures fiirthcu* cast, 'ria^ walls of the J^ublJc 
Library were cracked and the floors raised in placets. 9'h<‘. VVelwh Mission Hos- 
pitid, a one-storey pucca building, W’^as somewhat damaged by cracks on ihe^ walls. 
An ahaudoued brick sugar mill near 8upaul collapsc'd. Sc^vcual walls, one 7 feet 
<) i/ichfs high and 14 inches wide, collapsed to the east, but others fi ll t,o tlie west. 
Most (jf the (^ast-west walls were standing. The tall, heavy brick chimney sliook 
ill an east-west direction, and the top portion fell to the west and the northern 
and southern sides were cracked. The river bank in the vicinity was badly fis- 
sured. In the bazaar some walls fell, some west, some iiortJi. 

At No. 14 railway bridge, north of Supaui, a girder structure of three spans? 
aligned north-south, all the piers were cracked and werci tilted towards the west, 
fhe fixed south end of each girder pulled ihe bed plates northwards as much as 
four inches to six inches, and in addition one was shifted |-inch to the west. 
girders and the rails were bent sideways towards tlie west on account of tii<i tilt 

the piers. The upper portion of the northern abutment pillar separated from 
the lower half and was heaved about one foot towards the nortli. 

Nauhatta (26® 00' : 86*^ 05').— This village, about seven miles W. N. W. of Paru-h- 
g<^t^‘hia R. ^as very badly damaged. Out of the 15-20 pucca houses that the 
tillage iK>S8e88ed, four or five collai)8ed. The ground wus fissured and miieh sand 
ejected. Murli and Li raj pur villages were similarly affected. 
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PancJigachia (20“ 00' : 80° 06'). — ^TMs village, in thana Bangaon, is situated 
on the District Board road from Bliaptiahi to Buihi. It is about two miles Me.st 
of the railway station and about 18 miles west of Madhipura, A largo n am her 
of pucca houses, all very old buildings and a number of them with two- and tiuci * 
storeys, collapsed. The new pucca buildings were badly cracked but did not 
collapse. Some large pucca bungalows collapsed, although not to the goniiKi 
The number of collapsed houses was about 40-50. About 25 per cent, of tlie land 
was covered rather thinly by sand. The ground was fissured and sand and Avator 
issued from the vents. 

The District Board road between Panchgachia and Supaul was badly aUcotod. 
Sand vents and fissures in jirofusion were a common feature of the country sido 
from Panchgachia to four miles beyond. Kutcha-pucca houses in the \iliagiv^ 
on both sides of the road collapsed. This portion of the country was very n niini. 
scent of kSitamarhi. ‘ The central piles of^ the bridge four miles north of Pfimli. 
gaehia, leaned both cast and west, two central spans collapsed. The wi^sicrn 
span leaned westward and the eastern one eastwards, but the piles on eith('r bank 
remained vertical. A tensile alongside collapsed completely. 

Madhipura (25° 50' : 86° 48')* This village wms the headquarters of the sub- 
division of tlic same name in the Bhagalpur district, but has been abarifloriod 
since the earthquake as a result of encroachment by the Parwan river, a branch 
of the Kosi, w^hich flowed jiast the eastern side of the town site. 

This towuiship w^as within the Slump Belt. Owing to the lightness and small 
size of the buildings the damage was much less than otherwise might have taken 
place. The most severely damaged building was the hospital, a larg(.‘ ii)od('rn 
structure which subsided and opened out in all directions and was completely 
wrecked. Other public buildings subsided a few inches and were cracdanl, but, 
most were habitable. There were numerous ground fissures, striking principally 
N. N. E. — S. 8. W., and one such fissure traversed the length of the town. The 
small bazaar, built mainly of bamboo and grass huts, remained undamaged. Four 
pucca and several kutcJ^-pucca houses collapsed. The severity of the slmck in 
this small town was demonstrated by the fall of three trees with large roots ; two 
fell north, one south. 

The build surrounding the town subsided and cracked in many places, kkust 
of the town the river broached the bmid and eroded westw’ard behind the origiual 
bund alignment. 

Portions of the Jail walls foil down. The Warders’ quarters collapsed. The 
Thana, a kutcha building, was badly cracked and portions of the south-wcsieni 
corner collapsed. The Mimsif’s Court was cracked and badly damaged, and the 
floor cracked and sank. The Criminal Court was completely ruined ; the roof 
was badly cracked and part of it fell ; the floors and the walls were cracked md 
sank. The direction of the cracks on the floors was north-south. The Local 
Board Office was cracked and it subsided, but the damage was repairable. Ike 
Dak bungalow was cracked and it sank about two inches but the damage was re- 
pairable. The 8. D. O.’s bungalow^ a fairly new and well-built brick hnilding, 
was slightly damaged by north-south cracks. The Subdivisional Officer remarked 
that the shock came first from the north-west and then from the west. 

Nirinali (26° 18' : 86° 36'). — ^This village, about seven miles E. S. E, of Phul* 
paras, was badly damaged. The station buildings and newly built houses vero 
slightly cracked but other pucca and hutcha-pucca buildings collapsed. 
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j]}i^piiahi (26® 18' : 86® 42'), — ^Hcrc, as at Nii-mali from which it is situated 
alxmt ten miles to the oast, pucca and kuCcJia-pucca buildings were badly frac- 
tured. The chimney of a mill fell towards the east. Two single -storey kutcha- 
rjucca buildings, used as lico mills, were badly fractured. 

^ or Khandauli (26® 27' ; 86® 49'). This village is within a short dis- 

tani 0 of the Nepal boundary. There was a partiid collapse of almost all the pucca 
buildings and only two, which were rather new, escaped and these wore eiacked. 
Xlio Dak bungalow, a kutclia- pucca structure, collapsed completely. 

Dagrnura (26® 26' : 86® 45'). — This village is about four miles south of Kimali, 
all the buildings were badly fractured. 

Uhinmagar (26® 31' : 86® 67'). — This old village, the site of which was about 
15 miles north of Pratapganj and wdthiu a short distance of the Nepal frontier, 
[< no longer in existence and is now replaced by Ranigaiij. Here all the houses 

of (bamboo wattle), hence no damage was visible. Thtun^ were a few 
(^ruund fissures, which were de|)endent on the prevalent depressions. 

Pratapganj (26® 18' : 86® 58'). — Pucca buildings were cracked but not very 
seriously damaged in this village, wdiich is about 28 miles to the north-east of 
Supaiil. Some of the buildings sank slightly. The Thana, the Dak bungalow 
ati<l the Hospital wxTc all cracked, but not seriously. 

Raghopur (26® 17' 86® 51'). — At this village, about seven miles to the west 
fif Pratapganj, the Dak bungalow partially collapsed. A largo old bungalow 
iibout two miles from the village almost completely collapsed. 

Plpra (26® 10' : 86 ®48'). — Situated about 13 miles E. N. E. of Supaul, 
pucca, kutcha’-^yucm and mud houses in tins small village collapsed or were badly 
friK turod. The Hospital, of brick construction, partly collapsed. Fissures 

and sand vents dotted the country side. 

Murliganj (25® 54': 87® 00').— This village is al)out 13 miles to the ensit 
of Madhipura, and is the terminus of the branch of the E. J3. Railway from 
Puriiea. Murliganj is situated on the west bank of the river Dans which is now 
virtually the main Kosi. 

M<.)3t of the houses in this part of Bhagalpur district consist eitlicr of l)amboo 
and luud with corrugated galvanised sheet-iron roofs, or they are thatohod grass 
hats which do not show earthquake damage easily. All the bamboo and mud 
huts were cracked and the railway station was also cracked. Some kuicha-pacca 
houses at Murliganj were badly cracked. Between Janakinagar and Murliganj 
there were some sand vents and cracks. The village itself comes within the main 
Slum}) Belt, 

Conditions were also similar at Bchariganj, a village about 12 miles due south 
of Murliganj, and between these two villages there were many fissures. Inriumer- 
ahlc cracks and fissures were present along river banks, which wore in places 
faulted into the river. 


Purnea district. 

Parnea (25® 48' : 87® 30').— This town, the headquarters of the district of the 
^ame name, is situated along the Saura river. The population in 1931 was 15,474. 
I he town is long and straggling, and contains five distinct localities, viz., the town 
proper, the civil station, Khazanchi Hat, Bhatta and Madhubani. The old town 
is situated on the left bank of the river and is connected with the civil station by 
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a small bridge. The town stands on sandy alluvium which is presumably ‘ old(‘r 
alluvium \ This sandy country is flat and low near Pumea, but furthei north 
it rises and undulates considerably and pebbles are associated wlii<*li giadualiv 
increase in size a the hills to the north are approached. The newer alluvium 
lies south of Pumea, but the junction between the two is obscui-cj. 

Purnea is undoubtedly the extreme eastern limit of the most sericms daum 
and is at the east end of the Slump Belt. Although government aiul other sliut. 
tures in Purnea did not actually collapse, the damage on close inspeotiou 
almost as spectacular as at Monghyr. The principal destructive muveuunis 
appear to have been east-west. 

There were but few cases of houses collapsing, and the shattered buildin' ^ 
with cracks and gaping Assures up to one foot in width, were, in almost all ca.^u:, 
standing eiect. It wris because of this that the toll of life was negligible— oiilv 
two lives were lost — in comparison with the destruction of property. The v( i', 
breaking up of the foundations by subsidence prevented the coUapscj of the build- 
ings. About 50 per cent, of the pucca buildings were so completely ruiuod as 
require re-building and 90 x)er cent, were so badly fractured that they were itndi iv.l 
uninJiabitable and had to be extensively repaired. The most frequently ((noted 
example of subsidence was the east wall of Uarbhanga house whic.h sank hotwet^] 
three and four feet. Tho Civil Court, the largest building in the town was (ut 
across by an east-west fissure along which subsidence was as nnieh as two kit. 

Many private houses, especially heavy two-storey structures, Avero dostonid. 
It was interesting to note that between adjacent and similar houses oik- was oftiii 
destroyed and the other unscatlied ; the damage depended on the amount of sub 
sidenee, which was governed by fissures and adjacent sand vents. 

This behaviour of ruined houses at Purnea is a contrast to those in IdongljM. 
wliero entire streets were levelled to the ground and formed heaps of dc^bris. It 
was obvious in Purnea that the structures were much too heavy for tlu^ siud 
foundation on Avhicli they were built. In many cases the heavy buildings 
themselves rc^sponsible for Assuring the neighbouring ground. 

In tlie old town, to the west of tho civil lines, the damage was slight. TL'c 
was not due to any apparent dilfereiice in the alluvial groiuid below the fuinida 
tions, although sand vents Avcrc admittedly absent, but to the much lighter iialuri 
of the structures. The part of tho town on the northern side of tlie river 
singularly undamaged, except for very kiitcha buildings which coIlaps»‘<l. 
of the shops in this part of the town are of brick construction and were undanKi;^' 1 
The house of tho Raja of Purnea on this side was only slightly cracked. 

The steel piles of a bridge between the civil lines and the railway statiuu 
broken, and the piles wore shifted slightly by a foot or so. The banl;s of the river 
appeared to hav^e closed in a little. A brick arch bridge between ilic civil 
and the old town was also fractured ; one of its piers was slightly out of 
of the most extraoidiriary examples of cb'stortion to a screw-piki bridge to<dv ple- 
at tho Kali Kosi river one mile from Champanagar, north-w'est of Pujeea. Ic 
centre piles moved south, downstream, as much as seven feet ( Ight inches, "i- 
remained more or less vertical. The bridge took on a sharp bend downstrewt'. 

The civil linos occupy a large area of country; buildings are widely scalic^'^' 
The ground was traversed by inniunerablo Assures, some aligned east- west, du 
majority north-south. Sand was ejected from many of the fissures and from r 
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-ent8— iiJi large holes with tunnels were left after the sand was ejected. 

The fissures followed the configuration of the ground, such as n^as, embankments, 
^tc‘ and there was a little horizontal and vertical displacement along some of 
them, 'fli® north-south fissures appeared to be longer than th(^ east-west ; one 
or two could be traced for half a mile whilst the cast-west set wore not more than 
a couple of hundred yards in length. Many of the fissures were cjuite wide and 
irtuing. Along one of the roads there was a hole five feet wide and twelve feet 
deep with two tunnels on either sides. Another was five to six feet wid('. and 
filled with fine grey sand. In places the ground was lioney corn bed with fissures. 

In the immediate neighbourhood of Puruea the surface of the grcjund was 
thrown into long shallow undulations. Accompanying the formation of the ground 
fissures, sand and water spouted like fountains from newly opened vents as well 
jiVfrom wells. Wells, tanks and depressions were infilled by sand fn>]u bcdow 
in the case of wells to an average of 15 feet above their original bottoinH. As 
most of the wells and many tanks in Purnea were infilled there was a seareaty of 
water for a time. On re-excavating the wells the water h^vel was found to have 
fiuctuated. 

Rua<is became undulating owing to subsidence but this type of damage dwal 

cut rapidly to the cast, south and north of Purnea. River l>anks closed in, in 

sfune cases as much as seven feet, but averaging five fe(‘t ivdueing the watcu- 

wnya a total, therefore, of ten fecit; this was well indicated at tlui Oistiiet Board 

road crossings. In the country north and west of Puniea the railway iiiu's wen' 
buckled and twisted and the violence of the movement was sufficient to throw 
the rails away from the traiik ; lateral shifting of telegraph poles and bridge piers, 
uccurred, in one case they were moved seven feet out of alignnumt. 

In contrast with the general disturbance of the surface of tiui country trees 
were noticeably immune from damage all over North Biliar. Near Purnea ojily 
two trees were uprooted and tlirown on their sides, 

Tlie various phenomena may be accounted for, to some extent, by the natiire 
of the sub-stratum on which the town of Purnea is built. Idjis is a thick bed of 
extremely fine, soft sand, a deposit of the old and now deserUai bed of the Kusi. 

(.Vmllicting reports give the time of incidence of the shock between 14*15 and 
U :h) lieurs (1. S. T.), and it lasted for over ISO seconds. 'Tlie noise accompany- 
ing tlie preliminary tremors was variously described as a loml rumbling, like 
thunder, or was compared with the noise of a motor car or iveroplanc. Some 
!l>ef>ple heard no noise. The direction of the first vibrati^ms was given by a eaix - 
ful observer as roughly N.W.— S.E., followed by movenumts in another dire<4i()n, 
and later by distinct vertical movements of the ground. 'Jdu; fall of objects, liow- 
fner, did not seem to favour any particular direction. 

»Some of the more important buildings may be described : 

I'he two central ijlas of the Collectorate were badly fractUired, but tin* mu tliern 
and the southcirn portions of the buildings were not so severely allcoted. Hit; 
main portion of the Collectorate Record Room was severely aflected, but the two 
looTiiB at the south and the southern verandah escaped with minor repairable 
damage. The large cracks in this building were due to subsidema^. Tlie centra] 
l>ortion of the old Collectorate had a domed roof whicdi was badly fractured so 
that this portion of the budding had to be dismantled. The southern and the 
northern portions were also cracked. The Civil Court was shattered by an 
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east-west fracture which cut right across the southern part of the building, with a 
subsidence of as much as two feet on the south. The entire building was badly 
cracked and subsided as a whole by a few inches. Only the northern end of the 
building could be retained. The enclosure wall of the District Jail feU and f)ri8oiior,s 
escaped. The office buildings of the Jail Superintendent and the Jailor and 11,^ 
Warder’s barracks sagged and were badly cracked. Only the northern portion 
of the prisoners’ ward could be rex)aired, since the rest of the ward with domed 
roof was btully damaged. The central portion of the hosjntal building was severelv 
fractured and had to bo dismantled but the northern end and the southern portion 
could be repaired. Portions of the District Judge’s residence had to bo disrnanUed, 
The Police Sufxjrintendent’s bungalow slumped and had to be demo’ished. 
sides being badly fractured the Civil Surgeon’s bungalow also sagged. The major 
portion of the Piirnea Zilla School building was badly cracked and part sa^^L^t d. 
A large portion of the building and of the hostel had to bo demolished. The Circ uit 
Himse was wrecked by large north-south cracks wliii^h were u}) to five inches in 
width. There were minor east-west cracks. T’ho building sank six inches below 
the ground gutters. The main movement here was definitely east-west. The 
hospital building sank in the middle and was severely cracked. Most of the uide 
cracks were north-soutli, as a result of cast-west movements. Two shocks were 
felt by the hospital staff ; the first one lasted for 150 seconds and after an interval 
of thirty seconds there was a second and a severer shock for 90 seconds. It- was 
during the second shock that fracturing of the buildings took place. The lirst 
shock was in a N. E. — S. W. direction and the second in an east-west diivctien. 
Dr. Mullick, however, felt an east-west movement during tho first shock folhjwed 
a second N. E. — S. W. shock. Fissures afipeare.d with the second shoedc. At 
tho Cemetery large east-west fissures were formed in the ground but curiously, 
none i)a.ssecl through a grave ! Tho walls were broken and fell, tho north wall 
subsided in part down to ground level in a sand filled fissure. Much sand was 
ejected. Some of the monuments sank, but no monuments actually ovc.TtunKd. 
An adjacent road was riddled with fissures. Darbhanga House was compl<Tvl\’ 
ruined ; the principal fractures wore in the east-west walls and the eastern wall 
sank about four feet. Fissures with ejected sand were formed in the adjacoait 
ground near Darbhanga House ; these fissures were aligned north-south and one 
of them ran below the eastern wall of the house causing its subsidence. The roof 
collapsed inside the building. The Raja of Barailli’s house was completely ruined 
by severe cracks and the floor was broken up ; the main cracks were north-south. 
The Church was completely ruined by cracks and the building subsided. Tho 
Indian Club, a newly erected structure, was completely fractured ; all tho walls 
sank and tho eastern and the western ends were tilted ; the concrete floor w;is 
raised and was badly fractured. The building was surrounded by sand fissun^. 
In the bazaar most of the houses were built of bamboo and were unaffected. 

Forhesganj (26^ 18' : 87® 18'). — This village is situated 42 miles by rail nortii- 
west of Purnoa. Its population in 1931 was 5,939. Going north from Purncji 
much fissuring and a few sand vents were noticeable for tho first 10 miles, then 
tho country showed little disturbance and only rare fissures up to Araria. North 
of Araria, and especially ap'^roacliing Forbesganj, road conditions became h;id 
owing to the presence of fissures and sand vents. 

At Forbesganj several brick buildings collapsed. Most of the buildings at 
Forbesganj are constructed of galvanised sheet iron so that tho effects of th* 
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h iking not marked. The wall cracks gave no information of the direction of 
the ground waves. The station building was practically undamaged. The bridge 
]..Jr a west of the station collapsed. Another girder bridge north of Hhatiahi 
4 ition. about two miles south of Jogbani, had to be supported on sleeper juers 
until tiic damaged piers were repaired. 

tlio fissures around Forbesganj were rather constant in diretd ion either north- 
or north-north-west. As the country is flat, or gently rolling, it cannot bo 
said that the directions of the fissurevS were governed by any jiarticular surfacx" 
jogressions. It is quite probable that hero in Purnea district they wci-e governed 

the direction of the surface waves. 

Joghani (26"^ 24' ; 87° 18'). — This tiny village at the extreme north of the Purnea 
disti'iet and about seven miles due nortJ) of Forbesganj is ilie terminus of the 
1-^ B. Railway. There were no fissures and little (qocted sand. No widls w(*re 
choked up. Houses were badly damaged, liowever, and tliis fact justilies the 
iru lusion of Jogbani in isoseismal IX. Brick liousi's either partly or entirely 
(•oihipsed. The station building as well as the staff quarters eollajised. 

(26° 05' : 87° 14'). — On the road from Champanagar to Raniganj, 
;i village no miles north-west of Purnea, a few occasional fissuR^s from which 
c.omc sand was ejected, were noticed. A few small cracks occurred in the village 
buildings and damage was slight. 

('hamparuigar (25° 55': 87° 11)').— This village is about 15 miles N. W. of 
Purnea, and the surrounding country w^as considerably fissured and saml ejf'citsl. 
The Palace at Champanagar was cracked but not seriously, ddie, porch on the 
i iisti rn side was separated from the main building. The main eracdcs were aligned 
mostly north-south but one crack in a side building ran oast- west. The move- 
mont was definitely east-west according to the pcr)ple of the palace, TIk^ dos- 
triiL'lion of the screw pile bridge over the Kali Kosi river near Champanagar has 
already been described. 



CHAPTER XVII. 


ISOSEISMAL IX, SOUTH OF THE OANQES 

Patna district. 

Patna (25'' 42' : 85*^ 12'). — The city of Patna, the capital of Bihar, includes 
suburb, Bankipore, which is the headquarters of the Patna district and divisiou 
The city extends for about nine miles along the south bank of the danger and 
is about a mile and a half broad. The population of the city together with the 
new capital was 173,948 in 1931* 

In spite of its historic past, the old city possesses few buildings of int j 
the archseologist and like most of the towns in Northern India it is a luijg .^tia 
gling city of brick houses or mud huts with tiled roofs. There are, of ooujmc, Hojne 
fine modern buildings in the new city. Amongst buildings of iiistorical iiitcKst 
are the fine mosque of Sher Shah (1540-45), built in 1(32(), and a templu erected 
by Ranjit Singh, “ the lion of the Punjab ” on the site where Govind Singh, 
great Sikh Guru and founder of the Sikh mihtary brotherhood, was bom. J’luj 
gola (granary) at Bankipore, is a curious beehive-shaped structure, 95 b-ot jiigh, 
which was built in 178(5 for the storage of grain as an insurance against fanniu. 
The old city is thickly congested with flimsy buildings and with the cxec jdion oi 
the main street, which runs from east to west, is full of narrow, crooked and im- 
gularly alleys, lined with insignificant houses. At the extreme west is the Palua 
College oil the bank of the Ganges ; close by are the Medical College and Hespitiil, 
and in the same neighbourhood are the Patna Oriental Library and the Pdhii 
School of Engineering. The New Capital, which lies further west, includes (hn- 
ernmeut House, the High Court, the Secretariat and other government buildill^^ 
— all of recent construction. 

Along the river front at Patna, the intensity of the shock was IX and huiM- 
ings snlfered sevei'eJy. This was largely due to the fact that the oldest stnn tiKvs 
were situated in this part of the town. However, such fine modern huildinirs 
as the Nurses’ quarters were damaged to an equal extent so that the iig(‘ of build- 
ings was not entirely the determining factor. Buildings in the bazaar cMdlajisid 
and immediately after the shock the debris-strewn roads were impassable. Tall 
structures, particularly of kutcha-pucca construction, were the worst alieelcd. 

In the Ntaw City the damage (intensity VIII) was mucdi less, but notwitlislaiidiug 
their recent construction the buildings did not escape lightly. At the Sevretariat. 
roof copings were damaged ; the clock in the tower stopped at 14*16 laans. Tla 
High Court was damaged to the extent of about half a lakh of rupei^s ; cracks 
which appeared below the dome became worse for several weeks after tlic sb »ck. 
T"he top floor of Government House was severely cracked and the majui if y * 
two-storey houses suffered similarly. 

The principal movements took place in an east- west direction, but a{j])ica(L 
ing the river north-south movements predominated. In the Patna Obi (kuiu 
tery parts of several old monuments and pillars fell to the east or west, the iiiajoruy 
to the east. Many observers spoke definitely of an east-west movement, buili- 
ings shaking bodily in that direction. 

( 242 ) 
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If, Is impossible to give a complete list of the damage in such a largo city m 
]^ 4 tna and only some of the most affected buildings are described: 

IVrtioii of the north porch of the Patna Junction stafiou collapsed. The 
r()])irigs of the station building fell. The residence of iho Superintending 
Governmtmt Press, situated on the hank (jf the Ganges 
built in 1702, was heavily buttressed on the northern side. Fonnerly it was 
^ . .,1 ;is an opium factory, and formed part of the old Dutch factory. I'he main 
room was heavily damaged and the southern portion (’ollapst^d. In the 
Iv^niposing room the pillars at the western end leaned towards the north. Tn 
l)e])uty Superintendent’s room the principal cracks were in th(‘ nortli-south 
mils the arches on the east-wc^st walls moved outwards. The majority of tJio 
1,,'ams in the terrace on the north were pulled out from the south, two fell east 
,ji,l \v(vst and the rest dropx>ed perpendicularly. The weather vane on the top 
,,f the Kound Tower fell in a N. N. E. direction. The ground floor of the SiJi>er- 
nitcjidcnt’s house was of arched w^alls more than six feet thick and they were quite 
,n)(l;m\aLM'd. Witliin the precincts ef the press compound, there was a general 
(( nf|('iicv hir lh(^ fractures <*lose to the river to have arisen from noF'th-soutli movr- 
ni. nf. At tiie- southern side of the compound aw^ay from th(^ river the prl?)ci])al 
rr.Kks r('sulted from east-west movement. An adjacent house occupic'd by 
Mr. Ibonid was completely ruined. The building was shaken in n north south 
(Inert inn and there was little sign of any east-w'cst movement. Mr. Williams' 
Ii(uist' wiis (M)rnpl(dely destroyed. Mr. Williams, who was stmuling outside facing 
«lu’ house, was of the opinion that the shock travelled from Avest to east and h(^ 
f* K an up and down movement toAvards the end. His house rnoATd Ixxlily in 
,in f-asl-wnst direction. The house occupied by Lt.-Col. (■outts Avas a semi-pwem 
huitiing, and was fra(d.ured by botli east- west and by north-south movmnents. 
Thn snip hern verandah fell to the south without any lateral movrummt of tlio 
i ilft'iH, which dropjAcd perpendicularly. One cylindrical pillar f(‘ll due (^ast against 
iii tfK'i' pillar. Not one glass pane w'as broken in the whole building. The eastern 
sido of the building was most severely damaged. 'I’Ik^ north wall o])cncd nortli- 
WAnh along old cracks. All tlic rafters on the western side were pulled out from 
(asi txj west. The Nurses’ Quarters, F. G. Hospital, is a, recent building of 
f X'olleut construction and situated close to the river. The walls on thc^ 
side fell toAvards the soutii. The eastern side of the building Avas more 
>'i'\rroiy (lartuiged than the western side, 'i’he Patna Golleg(‘ is a ma.ssiVe tw'o- 
doivy pa.cra building situat(‘d close to the river. 'Fhe entire building was badly 
'l'Onag(‘d. iAjrtions of the roof on the first floor collapsed and tlie walls hdl out- 
wards bold] towards the north and the east. A cement ball, mounted f)n a verti- 
' •^1 f I r(;(l fixed to the roof coping on the southern side of the building was Ixmt 
'’Wa r ,i,,p western walls was also bent oven* in tlie sam(^ direc- 


b'>n. Tluse niovem^nits, iherefor<‘, definikdy took place in an cast-wt'st dirciddon 
■'nd were due to a violent easterly jta.rk to the building from tlui west. At the. 
enunissioner\s house, a very old building made of sunburnt bricks, the porch on 
die cast side tilted towards the east and portion of the easteni Avail collapsed, 
the. northern side the walls showed a tendency to open toAvards the north. 


])()rch of the (Jollector’s house collapsed and sonuw of th(w walls Avero cracked, 
the Rev. F. John’s biingaloAvs the nuria tiled verandah on the western side 
the bungalow collapsed. Mr. John noticed that the trees and the thatched 
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roof of the bungalow swayed north-south during the quake. The Ecgia 
was aligned in an cast-west direction, and the damage was confined mainly 
the eastern and western sides of the building. The roof copings on the north anrl 
the south fell outwards. The central portion of the building cracked hut slitrlitly 
The buckling of the outside walls were responsible for most of the darnag(\ 
principal movement in this building was in a north-south direction. 

Portion of the High Court collapsed. The portico at the entrance for jiul- 
and the portico at the entrance for advocates almost collapsed. The roof of 
court rooms on the first floor cracked in several places and the Record roonrs ^vero 
also damaged. Most of the damage was to the roof coping. In the Rogj* trar\s 
room, aligned north-south, all the steel rac^ks, for files, were aligned ca.st*A\r.^t 
facing north or south ; all the racks fell south. Hero the movements appt^ared to 
iiavc taken place in a north-south direction. Cracks apjx'arcd in the ground 
around the High Court. The northern end of the Assistant Registrar’s lious^. 
near the High Court, subsided about four inches and leaned towards the iioiili. 
The building was cracked across in an east-west direction. The toj) portion cf 
the tower of the Secretariat building fell later and damaged the roof and copiiiLf. 
There vere several cracks in the walls. 

In addition to the buildings mentioned, and many kutcha-pncca strncturos, 
a large number of well-built buildings were damaged to a greater cr Iiss 

extent. Amongst these are (Tovernmont House, the Chief Justice’s houst', 
late Sir Ali Imam’s liouse in Fraser Road, the Allahabad Bank, the Co-ojinativf 
Federation Oflice, the English Church in Bankiporo, Mr. Justice Agarvvala’s Iiouk', 
the house of Mr. Justice Varma, the District Court buildings, the Imperial IJnnk, 
the house of Mr. Hosain Imam, a member of the Council of State, and the Si iciur 
College buildings. The; northern portico of the General Post Office was (-rackoi 
and damaged. The Statesman reported that over 50 persons were killed, scwml 
hundreds were injurcul and over 4;000 houses in the town damaged or destroyed, 

Bark (25^^ 29' ; 85" 43'). — This town, headquarters of Barb’ subdivision 
with a population (1931) of 9,750, is on a northern salient of the Ganges. Tkr 
intensity hero was IX and the damage, on a smaller scale, could be e(*nq;nr(d 
witli that along the river front at I\atna, })crhaps somewhat more intcaiscu The 
Subdivisional Officer’s court was almost completely razed to the ground. The 
S. D. O.’s bungalow p)artly collapsed, the remainder had to be condemned. All 
the other government buildings were severely damaged. The northern ( iid of 
the bazaar within half a mile of the river, was the worst part affected, as almost 
every house was damaged to some extent, two-storey houses being, of eouisc. 
the worst alTeeted. The main bazaar road runs north-south and the buildings 
fell towards the west. The movements in Barb were mainly^ east-west, but again, 
as in Patna, a north-south movement asserted itself approaching the river, 
Thirteen lives were reported to have been lost. A few of the damaged l)uildings 
are described : 

The S. D. O.’s Court and Sub-Registrar’s office, aligned cast-west, was almost 
(?o?nplotely razed to the ground, but windows and doors were left standing. ‘ 
western verandah of the Court Offices and Treasury, aligned north-soutli, v'a.> 
badly damaged, the rafters were pulled out about two inches. The walls rtf tlio 
buildings cracked, e8j)ecially above the door and window arches and were con- 
demned. The eastern and the western wrings cracked at the junction with tbc 
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main building. Tho S. D. O.’s house, of pucca brick and 20 years’ old, was left 
qianding, but W'as so severely damaged that it w'as condemned. The Muiisif’a 
Court, aligned E. 20""N., was severely cracked and had to be condemned. The 
verandah arches W'ero reinforced with thin steel bars, but both the southern 
and eastern verandahs fell castw'ards. The Barh General Hospital, a pucca stnic- 
ture, was severely cracked and w^os partially condemned. The Banarsi Ghat 
Mosque on the river bank is about one hundred years’ old ; a small minaret fell 
Jlic west and came to rest at an angle of 45'"’ from the horizontal betwt'en two 
cupolas. The southern side of the mosque collapBed. The roof copings at tho 
railway station collapsed and the verandah was pulled away from the wall and 
collapsed ; tho walla were badly cm eked. 

Mokameh (25® 25' : 85° 53'). — This town is on the south bank of the Ganges. 
In the bazaar fifty buildings collapsed, many were, severely craekcHl and a large 
jR'ntntagc had to be demolished. The town, on the whole, was not so badly 
sliuken as Barb. At the railway station, an old building, most of tlio damage 
^^as caused by east-west movements. The station hud to be (;ompIetcIy demo- 
lished and rebuilt. The raihvay quarters wxTe the worst affc'cted and most of 
them rendered uninhabitable. All the walls opejied outwards. In many eases 
there was a definite horizontal shear in an east- west direction. It was remark- 
able that the brick pillars supporting w'ater tanks were not allccted. At the Dak 
hiiiigalow a pucca structure, the east-west movement of the roof cracked tho w^alls 
Itadly. Elfects of north-south movement were notii^'d on the north and the south 
sides, the centre rooms wxrc the least alTected. 11ie eastern verandah was more 
damaged than the southern. Tlic building wais eoiulemned. At the District 
Board School a pucca building, aligned E. 30 VS., Die eastern and western 
wiaiidah pillars leaned outw'ards, tilting from the foundations. The northern 
\\all showed a tendency to move outwards. In g('ncrul, east-WTst movements 
appeared to dominate. 

Monghyr district. 

Jamalpur (25® 18' : 86® 30'). — This town is the headquarttuvs of the locomotive 
d('partmcnt of the East Indian Raihvay. The ('iigincering workshops cover an 
area of nearly one hundred acres, over twenty aerc's of wdiieh are roofed over. 
The population in 1931 was 30,346. 

3'ho greatest damage was in the bazaar, iiortli of the railway station, where 
m.iny houses were razed to the ground and practically every house, excepting 
mud Inits, was badly cracked. Here as elsewhere the kutcha-pncca structures 
sulfcred most. According to the tSialeswaii 16 persons wore killed. Just cast 
of the station, houses, especially tho.se with arched roofs, were razed to the ground. 
Others were WTccked and tlui remainder were more or less eracked. Tall two- 
stftrey buildings sufTcred most. Certain two-storey houses wdth iron sleeping 
shelters on the roofs fell away at the northern and southern ends and left the 
* filee})-out ’ shelters suspended. 

There was a rapid diminution in the intensity of th(3 shook approaching tho ridge 
cast of the town and both the eastern and southern borders of the town w(‘re little 
disturbed, but the houses here were of quite recent construction. In the absence 
of structures on the ridge east of Jamalpur no impression could be gained of the 
dUIcrential effects of the movements there. 



246 


BTHAR-NEPAL EARTHQUAKE OF 1934 . 


In the Railway Workshops the damage was confined to the brick structures and 
mainly to those built nearly 50 years ago. The greater part of the works was of 
steel frame construction which suffered no damage. Of the single storey brick 
buildings the long structures suffered most, more esyn^cially those aligned north- 
south, the northern and the southern ends collapsing. All structures with arched 
roofs, of which there were a large number in Jamalpur, were severely damaifed. 
According to the Sktf^sman 180 out of tlie 180 houses in the railway colony col- 
lapsed or were rendered uninhabitable. There were 17 deaths in the railway 
colony and 48 injured. In Jamalpur nearly everyone agreed that the first move, 
ments took place in an east-west direction. Some were of opinion that th('Hc 
movements changed to north-south while others felt a circular movement. 

A brief account of some of the damaged buildings is given : 

At the Stationery Office, 6 Loco Office road, the arched roof split right along 
the centre and opened up east- west. The southern end of the building collajKsod 
and the north-south walls were badly cracked, but the etist-west partition walls 
were loft standing and were not heavily cracked. The outer walls parted from 
the partition walls in the interior of the rooms. At the Railway Institnt'* fho 
western wall of the baths fell en masse towards the west and the remainder w?tR 
completely cracked. The baths were aligned east- vest. The other Institute 
buildings were badly cracked, particularly in the east- west walls. According to the 
Secretary of the Institute, the movement tij*st eanit* from a little north of vest, 
later the direction changed to north and south and the ground could a('tnally W* 
seen rolling in waves to a height of one foot. At the Railway Workshop, portion 
of the eastern wall of the machine shop fell towards the east. The lower part of 
the chimney house was badly (aaeked and the chimney leaned northwards. Thr 
sleel chimneys vihraieid in all directions- The brick foundation of one stetd ebinnu y 
had a vertical north-south crat;k. In the forge shop the western wall was pulled 
away from the roof and the western side of the roof dro])ped. The power houMo 
near the southern end of the shop was only slightly orack(Ml. Only old brick struc- 
tures wen*/ affected, the steel structures escaped. The northern and the soutluni 
ends of the watch and clock sho{), the alignment of which was north- south, fr ll 
away. 

The southern verandah the Y. W. C. A. building collapsed and all tlu 
walls were badly fractured. The roof copings fell towards the north and the south. 
St. Mary’s 0. E. (Jhiirch had a corrugated iron roof. The eastern and the ucsiem 
walls were not damaged but the southern wall collapsed. "I'he belfry fell towards 
the east. The porch on the south end of 8t. Joseph’s R. C. (djureh collapsed 
together with the to]) half of the southern wall. The eastern wall was badly 
fractured. ^Fhe east<‘m and the wc.stern walls were pulled away from the northern 
and the. soutbein walls. The top of the eastc'rn and the western walls of tlic rnion 
( ■hurch, aligned east- west fell. The church had a tiled roof supported on st»fl 
girders. 

The railway station is align(‘d north-south. Portions of the roofs of the rooiu'^ 
on the eastern and the western platforms collapsed. The northern and the south- 
ern ends of the station building on the eastern platform fell outwards. Roth of 
the arched roofs over the railway lineKS in the main station fell. All the esst-wc.st 
partition walls in the various rooms were badly cracked but the north-south walh^ 
were not much damaged. All the arches were opened up near the centre. Ik- 
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police Sergeant’s house, a pucca building north of the station, was definitely rocked 
cast-west ; all walls aligned east-west had great diagonal cracks ; the roof over 
the western wall had definitely moved outwards one inch towards the west ; hori- 
zontal cracks appeared in the northern and the southern end walls. 

Dhmhara (25° 12^ : 86° 24"). — ^This small village, about seven miles south-west 
of Jamalpur by rail, was badly affected. The waiting room in the down platform 
of the railway station collapsed. On the up platform north and south walls wore 
not much affected, except at the western end, where the western wall was tillerl 
outwards. All the railway quarters were severely cracked ; one of them had a 
north-south crack right across the house, oi)ening up the roof. In the village, 
about one mile south of the railway station, nearly 60 per cent, of the houses 
collapsed. 


S 



CHAPTER XVIII, 

ISOSEfSMAL VIII, NORTH OF THE GANGES. 

Champaran district. 

Raxaul (27® 00' : 84° 52'). — This village, the terminus of the newly construotc 1 
Nepal Government Light Railway, ia in the extreme north of the headqnurt , ms 
subdivision of Champaran district. 

Raxaul was not badly affected by the earthquake, and only a few okl hmmes 
in the village collapsed. A house near the mill collapsed towards W.20‘‘^N. l^illarst 
in the bazar fell towards N.15°E., and a revolving book case in Mr. Duncan’s bun- 
galow fell south. A temple, constructed in 1920 of good mortar and with roof 
girders, was undamaged except for minor cracks. Wells were filled with sand, and 
fissures and sand vents were common. A fissure running E.30°S. — W.30^N. c ut 
across the bungalow of the British I^egation, cracking the foundations ; the ouicr 
walls of the bungalow were not damaged except above the fissures, but the iniuM’ 
walls were badly cracked. 

Bettiah (26° 48' : 84° 30'). — This subdivisional headquarters, with a (lopuli- 
tion of 27,941 (1931), was not badly damaged, but it was isolated for more than 
24 hours because of damage to the railway. The Hospital was ruined and several 
liouses partially collapsed. Many compound walls fell. Fissuring in the neigh- 
bourhood of the tank was s.trong. Emission of sand was slight and faded rapidly 
to the north-west. It began to be worse about four miles east of the town towai-ds 
Motihari. No emission of sand took place anywhere north-west of Bettiah rdc)m; 
the Lanriya road. The Raj clock at Bettiah stopped at 14.12 hours (I. S. T,). 

Both the north-south wings of the school building collapsed ; the remaiiul ?■ 
of the building was rather badly cracked. The Rani’s palace was not se\('rely 
cracked, apart from the towers which were badly damaged and had to be pulled 
down. The north compound wall of the Durga Bagh temj)le fell. Two turrets 
fell towards the north-west and 8.iS.E. respoctiv'-ely. A fine newly built tcmpl«\ 
built of Vindhyan sandstone which had been cut into long blocks and set upright, 
did not actually collapse, but the walls of the building bulged outwards — in the 
shape of a barrel to such an extent that the temjde was imsaft?. 

Jagdispur (26° 42': 84° 35'). — This small village is about eight miles 8.S. K. 
of Bettiah. The sides of a tank in this village collapsed into the water and pole 
in the tank loaned duo north. The lightning conductor on the Jagdispur kuiiple 
was bent in a westerly direction and the temple itself was badly affected by oast- 
west cracks which traversed the walls and the spire. 

Majhoivlia (26° 48' : 84° 36'). — ^This station on the B. & N. W. Railway is about 
six miles east of Bettiah. The village was rather severely affected but the worst 
damage was at the sugar factory. The foundations of the factory were badly 
cracked and sank irregularly. The worst cracks were on walls aligned M.20 >• 
The east -west compound walls of the bungalows fell northwards. Most of the weli^- 
in the village were filled with sand and emission of sand from large fissures w is 
quite heavy and extensive. 


{ m ) 
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Saran district 

GapcdgMj (26*^ 28' ; 84® 27'), — ^This town, a sutwlivisional headquarters two 
jniles west of the Gandak river, does not possess any heavy structures, con- 
j^oqiiently the damage to buildings was not considerable. Most of the ono-storey 
buildings escaped Hghtly. 

Only hairbreadth cracks appeared over the arches of tlio luuthern verandah 
of the Criminal Court, a one-storey pucca building. The Post Office, a o!ie storey 
kiffeha-pnem building, is aligned east-w^est, the north-south partition wadis of the 
rofuus were cracked near the cornel’s and the outside walls were cracked slightly. 
Two almirahs standing against the western w^ill fell in an easterly clirection. The 
jn(^k-arche8 of the roof were not damagf^d. The Post Office clock stop]x-d at 14*15 
])ours (I. S. T.). The one-storey hitcha-pncca Hospital hod cracks, more parti- 
f nlarly in the north-south partition walls. A ground crack about J-incli wide ran 
.‘ilong the floor in an cast- west direction. The east- west gabled parapet ovtu* a 
wurd on the south side fell towards the south. At tie Thana, a huicha-'pvcca build- 
ing, the north-south w^alLs were cracked and the east-west walls AV(ue almost un- 
affected. Portions of the east-west boundary walls colbqised and fell to the nortli. 
The well in the thana compound was choked wit!) sand. 'Phe Jail, a 'pucca struc- 
ture, escaped with minor damage ; some of the walls developed slight horizontal 
f-racks l>elow the main arches. In the compound of Mr. Thorp(Ps bungalow thert' 
w(*re several thin parallel cracks striking N.N.E. for a))oul 50 yards, from which 
lino sand was ejected. A few crac’ks appeared in the bungalow^ walls, and orna- 
ments in the rooms fell. Mr. Thorpe first felt an east -west movement which later 
changed to north-south. 'Pho football ground to the cast of the High 8(diool was 
intersected by a number of siK-itioh wide north-south fissures, accompanied by 
faulting and ejection of fine grey sand. Water also flowed out of the cracks and 
immdated the field. The central north-south block on the eastern side of the school 
pivTuises was badly damaged. The eastern wall wuis severely cracked and portions 
cf it had to l>e dismantled. Portions of the roof collaj)sed. Some of the rooms 
on the eastern side of this block were further damagcMl by north-south fissures 
causing gaping cracks, three to four inclics wide, in the east-w'cst walls. The 
nortliern and western portions of the thatched roof of tlie one-storey Jcutcha-puccu 
Mission bungalow collapsed. Rev. A. L. Banks, of Gopalganj Mission, reported 
that the 20 feet long trunk of a tree, lying on the road south of the Mission bungalow, 
rotated through an angle of 60 degrees in a clockwise direction. 

Oopalganj subdivision . — Fissures were present west of the Slump Belt in Gopal- 
ganj subdivision. North of Gopalganj the fissures ran parallel to the Saran Canal, 
over a zone about 2^ miles long, the fissures dying out northwards. Rev. A. L. 
Banks of the Gopalganj Mssion very kindly supplied the following information 
about the fissures : — There were three distinct lines of fissures, each running almost 
parallel to the other and to the Saran Canal. One started at about Rajokhar, 
miles N.N.E. . of Gopalganj and east of the Saran Canal -and travelled S.S.E. 
through Nawada and then turned as the Saran Canal turns and ran S.S.W. through 
Manpura and Hajiapur and across the Baurali Road. The total length of this 
zone wa^ two miles. The second startc^d at Kotwa, about three miles north of 
Copalganj, the fissures were very bad at Dhamik Tola, and continued to the S.S.E. 
lor about a mile g^nd a half before tinning towards the S.S^W. The fissures in 
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this zone were very deep and wide and continued as far as the extreme cnftt of 
Oopalganj, damaging the local school building as previously mentioned. Tliis 
zone of fissures was three miles in length. The third line of fissures started near 
Tirbirwa, about two miles north of Gopalganj and a few hundred yards west of 
second zone, passed through Saduliahpur, keeping to the S.S.E. and then turned 
towards the S*8.W. before it reached Mathia, where the fissures were deepest on 
this line. This zone seemed to converge with the second near a mango grove, a. 
little less than a mile N.N.E. of Gopalganj, where it faded away but reapjK'arvd 
on the south of the grove and passed through the Circle bungalow and across tlu' 
High School j)laying field. Tlie last two zones were on the w^estern sid(> of tlic 
Saran Canal. No fissures crossed the Saran Canal, although blow-holes were plenti- 
ful in the canal and in the low ground in its neighbourhood. The Subdi visional 
OfiQcer of Gopalganj subdivision observed that villages or hnsiees surroimded h\ 
trees were less damaged by fissuring than those which were not surroimded by 
trees. 

Manjha. — In this village, about six miles south-east of Gopalganj, the fall of 
buildings, esfXicially of Icutcha structures, appeared to be greater than at Gopalganj. 
The Manjha State building, a pucca three-storey structure, constructed on an 
elevated earth platform was completely shattered. 

Ilathwa (26^ 24' : 84^ 24'). — At this village in tlm Siwan subdivision, 12 miles 
south of Siwan, resides the Maharaja of Ilathwa, a wealthy zemindar, Knlliw:! 
suffered decidedly worse than Chapra and nearly as badly as Lakri. None of tlic* 
two-storey buildings belonging to the Raj estate escaped, the three-storey palaoo 
of the Maharaja was badly era(*ked and damaged, but there was no total ( 

< f buildings, although in some cases partial collapses of buildings veui noticed. 
One-storey buildings showed little damage as a rule. There were a few narrow 
ground fissures from which nothing was ejected. One or two wells in the village 
became choked with sand. The only buildings that successfully withstood (lie 
severe shaking at Hathwa were the Post Office and the Railway buildings. Peogl' 
at Hathwa agreed tliat the shock commenced sometime between 14,15-14.17 (1. S. T.) 
and was accompanied by a loud rumbling noise. Mr. B. N. I)iitt, the Diwaii of 
Hathwa Raj, stated that there was a preliminary tremor in which a slight uj) and 
down movement was felt for about five seconds ; then there was a pause of a bent 
three to four seconds’ duration, succeeded by a violent tremor and later a severe 
shock in which a side to side movement was felt. Mr. Dutt experienced a sensa- 
tion similar to that when a ship is rolling and he felt it difficult to stand while Ihc 
shock lasted. The duration of the last shock was about 45-60 seconds. 

The mam Palace is a lofty three-storey building consisting of two blecks. Ibr 
southern and main block is aligned E.15°S., and the northern block is at right 
to it, tlio two being joined by a narrow central block. The south- western and 
the south-eastern corners of the northern block were badly damaged by cast-wtNt 
cracks travei-sing the width of the building and afiecting the roof, floors Hiai 
north-south walls on the east and the west of the building. In the same l)K>ek tii ‘ 
east- west walls were also cracked together with the east- west arches of the iiorlk- 
ern \erandah. The central block was completely undamaged, excepting poitniPS 
of the eastern and tlie •w'estem parapets which partly fell. The main bnikling 
the sc)Uth was badly damaged. The main }ortico on the south collapsed. 
short noitli-south walls of the same block were badly cracked, especiall; nii 
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the second floors. The northern end of the building was damaged by 

p.^cifc-west cracks which traversed the length of tlio building, causing damage to 
tho roof, floors and the north-south walls, The groiuid floor was slightly loss 
damaged. The domes, supported on the parapets along the eastern and the western 
sides of the main building, were badly cracked. Other buildings such as the Euro- 
praii Guest House, Reception Buildings, Temple, Old Fort, Tent House, Manager’s 
biiugalow, Diwan’s house, Private Secretary's house and School were all damaged 
to a variable extent, mainly by cracks but occasionally by shglit collapse. It was 
io[)orte'l that an underground room at Hathwa and another at Lakri siitfered no 
damage whatsoever. 

Ldkri (26 ^ 22' : 84'^ 28'). -This village is about 13 miles N.N.E. of Siwau. The 
District Board road from JSiwan to Lakri was not aflVidod by any lissure or sanrl 
fit. The residence of the Chairman of the Local Board was badly damaged ; 
tiK' north and the south compound walls collapsed, but the eastern and western 
walls were unaffected. In the main two-storey building the (^astern and the west- 
ern walls of the ground floor suffered worse than the otlnw walls. The north-south 
walls on tlie first floor Avoro badly cracked and luid to be taken down, but the east- 
w('.st walls were completely unaffected. Two corner rooms on the eastern side of 
i ll is tloor collapsed. The zenana was badly damaged by cracks and the roof 
(■<ill;i(>sed. 

ILdinitolla (2(3'^ 22' : 84'^ 25'). — At this village, north-cast of Lakri, mud huts 
badly affected. Several sand vents in the cc'iitro of tlje village eniii1/ed waU;r 
aihl grey sand. Cracks were seen parallel to the eaus('-way in a rn.)rtli south dircc- 
tioii. Large fissures were prescuit in th(5 old bed of a river running through low- 
l\ing land to the east of the village. Carbonaeeous grey sand an<l water were 
ilis' liargeal from these lissuros. 

(2fl‘^ 22^ : 81^ 25'). *- Another village noirby was rather b idly aifectivL 
Many mud huts collapsed and some north-south lissnrc's ran ihrongli th(' liuts, 
Milling tlieir earthen floor six to nine inches. 'Ihe flssuo's were t’oin; to six inclios 
\u(l(' but no sand was ejected. Wells in the village were choked with line grey 
rarhoiycjcoiis sand. 

Minjiinj (20' 22': 20'). -A village about tea miles north-west of Si wan 

was not much affected by the shock. 

^'hapra (25" 47' : 84" 44').--l’Ins town, the liea(U|uarters of Saran (Jistrict, 
‘^himls on an old bank of the river Cogra, close to its jimelion with tlie teinges. 
I'lie town is about five miles long from cast to west, an<l its averagv? bifUJilth rarely 
ix(v(‘fls one mile. The census of 1931 reburned a population of 47,448. 

‘'haf)ia was less affoeted by the earthipiako than oilier distriet heachpiarteis in 
Bilnu*. Fissures or sand vents w'orc absent. With the exeeptioa ol a li vv 
two Htorcy bniklings in Katra bazaar, collapse of buildings in Clmpra was 
^‘'yligiltlc. The main damage to buiidings was caused by wall eiMcks over areiies 
■uid ill other places of structural weakness, and in several eases the damage was 
"Severe as to require demolishment of the structures. INjrtions of tlio (follectc/r’s 
^^'^ugalovv and the bungalow of the Bottiah Kuj colla[)scd. rh<\y wore very old 
^Iructures provided with heavy roofs. The Civil Surgeon’s bungalow Avas badly 
I’tacked and had to Ixa dismantled, 'riie Circuit House, J3ar Library, Criminal 
buildings, District Board office, and Mimicipai oflice were all damaged to a 
or less extent, and the upper storey of the Post Office building was badly 
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cracked* Some of the Hospital buildings were damaged, especially the upper 
storey of the Female Ward. In places the upper storeys of Wards Nos. Ill and IV 
and VII and VIII at the Jail were badly cracked. The Zilla School, a orie-yturuy 
building, was rather severely damaged. Some private residences also 
roof parallels on two«storey buildings being especially weak. Plaster very ( om- 
monly fell away from the walls. At the hospital bricks were flung from the southern 
extremity of the western parapet mostly to the west and some to the south. Af 
the Panch Mandir temple the upper portions of some of the spires were 
counter-clockwise and the main spire leaned west. At Gandhi’s masjid the we.sUrri 
turrets fell cast. The flagstaff on top of the Criminal Court leaned westward ami 
it was said that the flagstaff swayed east-west. The movements at Cliapra 
mainly east- west. 

A noticeable feature in Chapra, as at Muzaffarpur, was that houses with himk 
or Mud nogging raised on timber frames did not collapse so frequently as ordinary 
brick-built houses. Although in many instances the walls in such buildings wxio 
heavily cracked the timber frames \vere standing intact. In such cases the. waily 
could l>e repaired without much difficulty. The best building of this ty[)c eojisisty 
of a complete framework of tirnl>er, and the dead weight of the roof is shared belli 
by the brick-work and the timber framework. Similarly it was noticed that 
verandahs raised on brick nogging had either (jollapsed or were badly damaged :ind 
brought down the walls to which they w^ere attached by tie rods. In the ea.s(‘ of 
verandahs supported on timber upright the damage done was very small. 

Sonpur (25® 42': 85® 12'). — This village is on the right bank f)f the (hindak, 
close to its confluence with the Gango.s. The Gandak bridge of eight 2r>0-fu()t 
spans, close to the village, w^as not affected seriously by the shock. 

Although a few mud huts in Sonpur collapsed or w(U'e damaged, piicra oi* kutchi- 
jmcca buildings escaped lightly, 'I’he only building severely affeek‘d w'as the Dak 
bungalow, a lofty one-storey, part pucca and part kulcJia-jmcea, building, wliii h 
partly collapsed, perhaps because of old age. In the JVlina bazaar area a coui'lc of 
two-storey buildings were somcwdiat badly damaged. The railway station build* 
ings acquired a few cracks and a few tile.s fell. The roof coping at tlu' wcstciri 
end of the main station w^as tilted towards the w^c^st and that on the northern side 
fell north. According to the Station Master the shock arrived between 14.10- 
14.13 (I, 8. T.) and it lasted for about three minutes. The shock was of inodcr Oi* 
intensity. 3'he railway staff quarters wT.re shaken and a few cracks were sustuiiud 
by the buildings here and there. All the houses north of the station sulfcicd uu're 
tluin those to the south. Between Sonpur and Paleza, the pile bridge over (Ik 
]\ lahi river was badly shaken necessitating repairs. All the walls cJ tlic 
barracks, a one -storey L-shat>ed kuicha-pucca building, were equally cracked. 
Portions of the roof of the tliana verandah colhipsed. Opinions were ejahiidini; 
as to the direction of the shock in Sonpur. 

Muzaffarpur district. 

Ilajipur (25® 41' : 85® 12^). — This town, the headquarters of the subdivi>^k);. 
of the same name, is situated on the etistcrn bank of the Gandak, a short liistaiuc 
above its confluence with the Ganges, opposite Patna. Its population ia I'd^l 
was 19,299. The wairst affected parte w'ere Banwaritolla (Mahajantolli), 
khan Mahalla, Minapur and Jaruha Saidpui’, where quite a largo number of 



iSOSfilSMAL VIII, NORTH OF THE GANGES. 


253 


and old kukha-pwxa buildings collapsed or were so badly damaged that some 
had to be demolished. The bazaar area was not very badly damaged as many 
of the buildings here were newly erected. Four deaths were reported in the bazaar. 
TJte Subdivisional Officer’s court, the Sub-Jail, the Municipal Office buildings and 
the District Board Dak bungalow withstood the shock quite well, but the Public 
Works Department bungalow did not escape. Portions of the roof of the Local 
Board Office collapsed. The central and old parts of the Criminal Court buildings 
were badly damaged ; part collapsed, but the later additions escaped lightly. A 
.stone pillar outside the High English School fell N.25'’E. The railway station 
arul the railway residential quarters were slightly damaged by cracks. There 
\verc a few fissures in alluvium striking N.35"E. and N.70^E. but no emission of 
sand. The Station Master recorded the shock at 14.15 hours (I. S. T.) and it lasted 
for three minutes. Its direction was N.W. — S.E. At first the ground movement 
Asas up and down followed by a side to side movement. He heard a rumbling noise 
like that of a motor car in motion. The Assistant Surgeon, Dr. T. P. Varma, said 
that he was inside the Jail Office at about 14.15 hours wlion he felt a rotatory move- 
me^nt beneath his feet and almost simultaneously heard a sound resembling the 
passing of a goods train. A few seconds later he felt the chair moving up and 
down, and then as he hurried out the movement stop}>ed. Tliei first shock lasted 
about 15 seconds, followed by a pause of about ten seconds after which every- 
thing slKK>k violently. By this time he was outside the building and standing 
near tJic Local Board Office facing east and looking at the western side of the build- 
ing. He saw the builduig swaying in an east-west direction. This second move- 
incTit lasted about three minutes. The movement stopped suddenly as if a brake 
were applied. 

'rhe Mamu Bhaiija tomb is about 275 years old. Th(,> entire structure was 
hadly sliakcn. The turret on the north-eastc^rn corner fell to the north and that 
on the nortli and both of those to the south of the t<jmb fell southwards. A turret 
n(\ar the north-eastern corner was twisted clockwise. 

LaJganj (25'' 52' : 85° 10'). — This town in the Hajipur subdivision is situated 
on the left bank of the Candak, 12 miles north-west of Hajipur. Its population 
in 1931 was 9,192. 

Lalganj was the worst aflected town in the Hajipur subdivision. A largo 
niunber of kutcha-pucca buildings collapsed cither partially or totally, many others 
More badly cracked. Mud huts suflered similarly, both in the town as well as in 
the villages on both sides of the road from Hajipur. The 8[)ire of a Siva temple 
f'outh of Lalganj was twisted 15°-20° in an anti-clockwiso direction about six feet 
from the top, and the broken portion moved slightly to the north. In a few two- 
storey hitcha-pucca houses at Pranganj the northern and the southern portions 
collapsed, leaving the eastern and the western walls standing but heavily cracked 

cross fractures. The low lands were riddled with sand vents. Buildings were 
badly damaged over an area of three miles from Lalganj at such places as Yusufpur, 
l^amaipur, Jalalpur, Khan Jahan Chak and Daudnagar. 


Darbhanga district. 

Pam Road , — .This small way-side station on the B. & N. W. R dlway is 24 miles 
Muzaffarpur, eight miles from Samastipur, and about five miles from Pusa, 
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The station building received a few cracks and the floor of the parcel room w;i 3 
inundated with sand and water which issued from fissures. The western end of tho 
station platform was traversed by a fissure a few inches wide and aligned N. 1 5 W.— - 
and from which some fine sand issued. Sanding took place on the 
jjiccnt ground and a shallow tank west of the station was filled with sand and \v;i t«;r. 
The Station Master reports that the shock came from the north at 14.2iJ liomsi 
(f. S. T.) ; it lasted for three minutes and he heard a rumbling noise like tliat ot ^ 
motor car in motion. The railway line was buckled slightly up and down anri also 
laterally. Outside the station premises a few cracks appeared in the walls of tlu- 
few Icutcha-pucai houses, and plaster fell. Only one house about 1 J miles ca.st of 
the railway station was reported to have collapsed. 

Samistipur (25^^ 52' : 85^ 48'). — This headquarters town of the subdivi oou 
of the same name is situated on the south bank of the Burhi Gandak. ru[)ula- 
tion in 1931 was 1,931. 

About one-third of the two-storey buildings at Samastipur either culla[),scd or 
Avero badly cracked ; the area between the river bank on the north and the railway 
<»n the south Avas the worst alfecl>od. The maximum destruction was couliued to 
the bazaar area, where a number of tAvo-storey buildings, mostly 
[)artially collapsed and others were badly damaged ; about 30-40 per cent, of i,1k‘ 
l)uiklings in the bazaar either collapsed or wore badly damaged. Most well hmli 
stnictiires escaped with mmor damage, e.g., the (hint buildings and most <d the 
buildings south of the railway line. The sugar factory north of the railway ime 
AVMS badly damaged both by actual shock and by ground lissuros striking N.W. 
S.K.; the upper 40 feet of the 140 feet iiigh masonry chimney h 11 towards tlx 
N.N.IO., and the boundary walls aligned oast- west fell either to tlio Jiorth or soiitli. 
One of the gate pillars at a railway bungalow fell north-east. At a morapic soutli 
of the cemetery a turret fell due west, another fell S.20^W. The bell at All 
Souls’ Oliure-h was flung from a height of 30 feet above the ground to a diidxmc 
of 20 feet ill a direction S. 35'’ W. ; a brick cross was thrown in a similar diiv. 
tioii. The church partially collapsed. Other important buildings wliich pafUtHy 
collapsed includo<i the Roman Catholic Church, the Illuropoan Club and the .Mnai- 
cipal buildings. The railway quartt^rs and bungalows eseai>cd but most of tli(‘- ;>li ^ 
of the railway workshops sufli^rod, la the majority of cases long Avails .digix'd 
VV.M.W. were bodily pushed a few inches in a southerly direction above a lu iglil 
of lJ-2 feet from ground level. The railway bridge on the Burhi Gandak was 
damaged but the floating bridge escaped. Jbdssures, together with ejected anri, 
occurred at several places in 8amastipur both north and south of the railw ay lia( ; 
at the i^olo ground a fissure several inches wide, from whicli sand was ejected, 
was 300 yards long and had a strike N.50^'E. Sand was a foot deep af tlx 
northern end of the polo ground. Several wells ^vero infilled with sand. H"' 
clock of the Telegraph Office stopped at 14.15 hours (I. S, T.). The Post 'JasUf 
heard a rumbling noise and lie Avas knocked doAvn. According to the Second Odio r 
the main shock came from the west, travelled eastwards, and was acu uniiKina’^* 
by a rumbling noise. Ho was facing north and felt a swaying movement 
side to side. I'ho whole town, according to him, was without water for some tmr', 
as only two or three wells were functioning. After the main shock a little water 
remained in the wells but the water dried up within the next 24 hours. Fissiiino 
had no consistent strike. 
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jltisera Oftal {25^ 45' : 86*^ 02'). — This town in Daibhtvuga subdivision is 
nitaated on the east bank of the Biirhi Gandak just below its confluence witli the 
Kamla (Baghmati), Population in 1931 was 8,809. 

About 30 per cent, of the kuicha-pucca and kutcha buildings collapsed ; the rest 

(he houses were slightly damaged. In the majority of buildings wliich collapsed 
ssalls aligned east-west fell, but in others north-south walls als<^ collapsed. Tlie 
.station buildings and the quarters of the railway stall sullered but slightly. TUr. 
sulid brick-built globe on the top of the Khublalpurl)e Temple IVdl towards the 
nertli'West and portions of the upj.)er walls fell mostly towards tlio west and north- 
west. The lower walls fell mostly northwards. According to the 8tati<ui Masts^r 
th(^ shocks came from the nortli at about 14.12 hours (1. 8. T.) and travelled soutb, 
Xhr(;e shocks were felt during the subsequent night. The Post Mash r was of the 
ojjinion that the shock came from the north-west sometime between 14.15-14.20 
hours. Most people in the bazaar agreed that the shock cajno from a iiurtli- westerly 
direction and was accompaiiiod by a loud rumbling noise. Many people could nob 
stand on account of the violence of the shock. No sand or large iissurcs wore 
rKjUced at Rusora, although these were present in the neighbouring villages. 

The railway bridge over the Burlii Gandak is about a mile west of Rusc ca (diat 
i^tdion and is aligned east-west. There are nine piers centred at 87 feet, the abut- 
ment s])ans Ixjing 40 feet. The measurements of one of-tiio central piers are : dej)th 
oi; tlie well 00 foot, height oi pillar from river bod 4375 total height 103*75 
feet. The third and the fourth pillars from the east bank were tilUsi south and 
were out of alignment 1' 0" to 2' 01" from their respective centres. The Jiftb was 
liitcd about 2' 10" towards the east. The slxtli jner was tilted 2' i)}/ towards tiie 
yon til and the well was thrown out of alignment towards the south. The liftb and 
the sixth jners were on the lines of fissures w'hich cut tlio west bank of tiie I'iver, 
pmducirig a downthrow of three feet towards the cast. The rails siiowed a 
'ua,\iiuum shift of 11" in an oast-west direotion. The bedstone of a 40 foot gird(U' 
on the first pillar at the east bank was thrown 12" towards the east and then 
]if iivod back three inehes, so that the linal displacement was nine inches towards 
Lhc, cast. The directions of movement in this bridge Avero north-south as w'cJl as 
ucst-cast. 

J)aLHi7iyh iSarai (25'^ 42': 54').— This large village in tlie Samastipur sub- 

flivisioii is 15 miles from Samastipur. Quite a largo number of Icuicha iiouscxs in 
tlni bazaar area collatised. The upper storeys of about a dozen twai-sturcy kaidui- 
liurca buildings with thateiied roofs collapsed, and two or three such buildings 
iotaJly collapsed. In all of these cases the north-south walls fell either towards 
the (xist or the west, while the east- west walls were left standing. In some cas('s 
pillars fcdl east or west, and the boundary wall, aligned north-south, of a house in 
tlie bazaar fell, but the east-west walls were standing. Several turrets on the roof 
of one house fell to the west and one fell east. The spire of an old tompio fell in a 
youth- westerly direction. In a number of cases the western side of a house was 
worse damaged than the other sides. The walls of several well-built pucm buildings 
Were biuily cracked. The indigo factory and the manager’s bungalow Avero badly 
'lamaged, the bungalow chimney fell oast. The cigarette factory wa>s also consid- 
rrably damaged. The Assistant Sub-Inspector of Police remarked that the shook 
(Jisted for about five minutes. 
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Proceeding north from Teghra by rail very rare patches of sand vents and sand 
were noticed between Teghra and Bachhwara. No major damage was noticed it 
Bachhwara station, but a few dismantled buildings were seen in the vilhige 
by. Within a mile north of Bachhwara sand vents and patches of sand inereasi rl 
in number followed by a fairly clear tract up to and beyond the bridge on 
Balan river. 


Monghyr district 


Teghra (25'' 30' : 85^^ 54').— This small village in Bogusarai suMivisioii, about 
12 miles W.N.W. of the subdivisional headquarters, escaped somewliat Jiglitly 
from the earthquake. The few houses that collapsed were built of mud and bilk 
and possessed thatched roofs ; no v'ell-built Icutcha-pucca buildings collapsed. 
The Dak bungalow was practically undamaged as also was the Hospital. About 
half a dozen or so houses in the bazaar area collapsed and a few near the railwav 
station were cracked. Two of the turrets on the eastern parapet of a tnosque foil 
to the south and two such on tlie northern side fell to the west. The Sub-Tiisjxctor 
of Police, Babu Jitan Prosad, stated that the shock lastcid for five miimtcH and 
started with a side to side movement which increased in violence. A deep rimil)!. 
ing noise, like that of an aeroplane, overhead, was heard simultaneously w ith thi; 
arrival of the shock. 

W.N.W. of Teghra and a mile west of Bachhw’ara station, some sand vents 
and cracks were noticed and a diversion had to ]>e made on this iucounl, 
Several huts and walls collapsed south of mile-})ost 141/1, near Mohinddinnagar 
railway station. Further west, in a village between mile-posts 149/i(MS, many 
mud huts collapsed. A number of mud huts collapsed near the railwuiy station ai 
Sahadai Buzurg, but the station building appeared to Ix) unaffected. 

Begusarai (25^ 2iV : 80'' 09').- This headquartn’s of the subdivision of thi 
same name in Monghyr district is about five miles north of the (tanges. Its ])opiila- 
tion ill 1931 was 7,739. In the bazaar area some hutchu-pucca and pucca bnildini.'s 
collapsed, especially the upper storeys of tall buildings, but the numlx'r ^vas 
large — -certainly not larger than that at Khagaria. On the other hand, piur-ti 
and semi-pweea buildings at Begusarai were more damaged than similar bnildiuLs 
at Khagaria. Begusarai was immune from ground fissures and emission of sand. 
From a comparativ'^e study of the fall of walls it seemed that the principal diieciion 
of ground movement was north-south. The Subdivisional Officer felt an up and 
down movement followed by a side to side movement and thought that the ylmck 
travelled from north-west to south-east. 


Begusarai subdivision , — Although included within isos<.‘ismal VIll a, nunibri 
of villages north of Teghra were badly damaged. North of the Balan river {>rarii- 
cally every house, mostly mud huts, had been more or less affected. IMaiiy ivnc 
razed to the ground. The effects of fissures in these villages were negligible aithnuyl' 
in one of them, Bhawanipur, a few sand vents were noticed and several wells wrii 
choked with sand and fine silt. The level of the water in the Balan river was found 
to be three or four feet above the normal height for February. 

Khagaria (26° 30' : 86° 30').— This town, in the north of the Monghyr suh- 
division, is situated along the river Gandak at a distance of about three miles In'iii 
its confluence with the Ganges. Most of the damage in Khagaria was confiucc 
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to the bazaar area, which runs east to west parallel with the river, and here quite 
jv larger number of houses collapsed and many were badly damaged. The build- 
ings thus affected were mostly hutcJia-piicm, of faulty workmanship and construct- 
ecl of weak materials. Several newly built jmcm houses, both one- and two-storey, 
ef;caped damage, beyond slight plaster cracks. In most of the houses the wails 
ali<med north-south collapsed, the east- west walls were left standing but cracked. 
In such cases the fall of the north-south walls took place mostly towards the east. 
Occasionally east-west walls fell. A larg(i number of houses totally collapsed — 
the roofs falling vertically and the \vails in all directions. Whore the uppeu’ storeys 
lijui collapsed and the ground floors were left stand ij\g, the cast- west wore usually 
cracked more heavily than the north-vSouth wails. The majority of cracks were 
confined to the east-west walls. In some liousoB in the bazaar the south-western 
and the north-western corners eollapsed. Jn the case of the boundary walls the 
number of north-south walls which fell either cast or west mostly east -exceeded 
the number of the east- west walls, which fell either north or south. In one liouso 
four out of six pillars of the eastern verandah fell towanls the east, while that at 
the extreme northern end fell to the north and that at tlu? southern (extremity was 
standing. In another house pillais fell t(j the west, whik^ in the case of a house 
ncai’ the (jl^i some of the pillars of an eastern verandah fell eastwards wldle that 
at the northern end fell to the nortli. In a tciu|)le near the; river bank, some of the 
pillars fell to the north and some to the west while others I’cnnained standing. Al- 
thongh kukhd-pvcca buildings suffere;d badly, thatched house^s built on timber 
frames survived the earthquake slux-.k remarkably well. 

If the total number of ruined houses is tako!\ into consideration, it would appear, 
at first sight, that the shock at Khagaria Avas very great, but recognising the jue- 
valcnce of weak striudurcs the shock was mu(‘}i less intense than at l)ar])hanga 
or Muzatt'arpur. Judging from the cracks in buildings and the fall of objects the 
shock had a strong westerly component. Fissures and sanding occurred only ahaig 
tlu‘ river bank, running parallel to it, j.nd in th(‘ surrounding low lands not very 
far from Khagaria. 

In the town itself no wells were chokcal witli h?and ; th<; waKr level in wells rv)sc 
^ooii after but later went down to normal. Post Master rcport(3d that the 

arrival of the fii*st shock took place at 11.13 hours (T. *S, T.) ; the main shock lasted 
fur iibout three and a half minutes and was heralded by preliminary shoc^ks lasting 
fur 15 seconds and followed by an afterslujc k lasting for one minute. Ih^ttles on 
shelves in the Post Office fell eastwards. 

The Burhi Gandak railway bridge, about two and a half miles south-west of 
Kliagaria, has seven piers betAveen the two abutments and is aligned K.2r>'\V. — 
{S.2r) E. The fourth pier from tlie south bank Avas ercicked at a lieiglit of 12" 6" 
from the shoal on which it was standing at the time, the bottom portion was shifted 
in a dii'cetion 5° W. of N,, a distance of one foot, d'ho moasuremonts of the pillar 
'U’c as follows : — Cross section 21 feet by 0 ft. 6 in, height of the pillar above the 
'vatcr level 30 feet, from the top of the rail level to the top of the well 44*70 feet, 
bright between the top and the bottom of the well DO feet, load supported by the 
ibllar 67 tons approximately. The top of the well was about 15 feet below the 
'valer level at the time. 3.310 first pier from the nortli bank was cracked about 
Ihroe foot above the sandbank but it did not move and there were two vertical 
'^riw.ika four foot high. 
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Purnea district 

Ararin ('26'" 08' : ST 21'), true mme BasarUpur. — ^This fcovrn is tho hoa»|r|ii;it>t . 
of the Hubdivision of tho same name in tho north-west of Purnea district, and oii 
tho right bank of tho Panar river. The damage was not great, almost all tho pu,cia 
])uildiag3 were unaffected except for slight cracks. Damage was corifiiiod to ])o ,p 
.striictiiros and only one very old house collapsed. Most houses built of b.uub.Kj 
anfi thatched huts wore unaffected. The damage was mainly along the Ibtnar 
river, oast of tho village, and there wore a considerable number of fissures alon'^ 
the river bank. 

Several roads radiato from Araria. Along the road running almost duo south 
from Araria to Purnea there were no sand vents and rare fissures. Several tiinlx^r 
pile l)ridges were damaged on the road to Rauiganj, west of Araria, because of the 
upward movoment of tho piles, but screw pile bridges appeared to be undamaged. 
At Joki Hat, oast of Araria, the District Engineer reported tho collapse of th,, 
Irispoction bungalow. North of Araria two steel girder bridges span the river 
iind piles in these instances wore badly out of line. At Madanpur three parr’a 
houses develoi>ed small cracks in the walls and further north a few ground ilssuo s 
wore seen with a little ejected sand. On tho Jogbani rail line, north-west of Aruii;}, 
most of the fissures ran across the line and, according to the District Traffic Maaageu’, 
w(HX^ aligned N.E. — S.W. Near Jogbani the screw pile bridges were darnaijjrd 
by tho piles subsiding and the river banks closing in, causing girders to drop. Fhe 
bridge near For}>0Sganj had masonry piers, the central pier subsided bringing dnwa 
the girders. In this case there was very little cra(jking of tho piers. Utils wciv 
bent in certain sections of the line away from the bridges, and many sleopciv: itiovocl 
as much as four inches cither way. 

Bhagaipur district. 

/loo? 7'/ 0/4 (25 ' 52' : S-)' .*52').— At this very ancient village, about (ivi^ milro \\va 
of Stiharsa, fields Avore overrim by fissures and sarul vo'nts. All the wt'IIs wfuv 
choked with sand ajid tho few pucca houses wort^ cracked, tfie walls of two of thcni 
collapsing. Thatched mud hubs wore also damaged. Tlio thaua was crankcl but 
tin*- hospital was not damaged. Both sides of the District Board road from Banga'm 
»:orthwards were overrun by sand vents and fissures as far as Panehgacliia. -SoiU' 
of those vents were quite large. 

Saharsa {25“^ 53' : 88^^ 36'). — In this village four pucca buildings collapsed ;in'l 
fitliers were cnicked, but not badly. The P. W. D. Inspection bung.dow, ;i li'i'' 
building, had a few cracks on the north-south walls. The school bud iiug ^v’.o 
badly cracked and tho walls wore leaning either to the north or to the sonlh : 
the southern verandah collapsed.* Cracks in the ground ran easC-uest. idi'" 
American Mission Church, a fine pucca brick building, was undamaged, except for 
a few tiles of the roof which fell, but the bungalows were cracked. 

KisJian-ganj (25"^ 41' : 86^ 58'). — ^This village, about five miles W.8.W. ol 
ganj, was formerly the headquarters of Thana Kishanganj, but owing to the 
croaehments of the river Kosi tho thana was sliiftod elsewhere. The '• 

few pucca houses were cracked. No collapse of houses was noticed. 

Alamnagar (25° 34' : 86° 56'). — This village is situated about sevcji miles ^oidle 
west of Kishanganj. A few old pucca houses collapsed. Traces of many fine i ' 
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and the carthenwork ramparts of forts built by the Chandil chiefs, the former 
ornters of tbo land, are still visible. 

Fhulawl .(25° 33' ; 87° 00').— About four miles S.8.E. of Alnmnagnr. Throe 
(ir four old pwcca houses collapsed in this village. 

Darjeeling district. 

J)arjeeU'iig (27® 03' : 88° 18'). — The summer capital of the Goverumont of 
imd the headquarters of the district of the same name, this town is situated 
jj) the Lower Himalaya and has a total area of nearly five square miles. The 
between its highest and lowest points is about 2,000 feet, Katapahar 
luring 7,886 feet and Lebong 5,970 feet. The town is situated on a long narrow^ 
lidgc with great valleys, 4,000 to 6,000 feet deep, on either side, a number of small 
h|mrs projecting from the flanks. 

The town was severely shaken during the Assam Earthquake in 1897, and 
experienced a great landslip in 1899. Time records for the 1934 shock, obtained 
from railway stations and ted(‘graph offices, varied from 14.10 to 14.15 (1. 8. T.) 
for different parts of the hills, but there w^as some agreement for 14.14-14.15. The 
( urlv tremors were followed by a succession of weaves of considerable amplitude 
and long period ; there was a general consensus of opinion that the first shocks 
Avere west-oast, followed by roughly north-south and later by a distinct gyratory 
mort ment of the ground. There was no clear proof of any vertical movement. 

A I the Parjeoling Cemetery a marble cross, 2^ feet Jiigh, was tilted 10° to the west, 
aiiolbcr jiear it was rotated 5°, only one large cross, rather loosely set in a socket 
in the base, was thrown bodily to the N.JSj.W., and another heavy marble^ orna- 
ment wrns tilted 10° N.N.E. 

ijcu^ee objects, such as statues, fell from their pedestals in various direciiotis 
im])aitjally at the St. Joseph’s College, but a slender masonry chimney, 12 feet 
high, ill the same building w^as standing, Tw^o pianos, placed against opposite 
walls in a room in Mt. Harman School, were propelled forward, (coming to rest in 
Ihc middle of the room and meeting at an angle. From a room in the Mt. Everest 
Hotel Ihe fire was hurled out of the hearth in a southerly direction. At the Singa- 
rnari House, three cupboards were overthrown and fell forward, each one in a 
dilferent direction, the contents of one of these being shot out in a direction rather 
diagonal to the fall. Two iron bedsteads wxtc thrown out bodily through the 
broken cast-facing wall of a room in the upper storey of a bungalow m the Jala- 
fahar Cantonment. A cliimney in an adjoining bungalow fell towards E.20'S., 
and another close by was broken and its top portion rotated on the base in a 
c lockwise direction. 

Houses were damaged by bulging and eoliapso of the east-W( st walls, allow ing 
Hit; (cntre and the roof to subside or fall bodily. Cracks in the houses generally 
gavv no sure guide as to the nature and direction of the earik movenieniH felt at 
Darjeeling. Much of the damage to houses still standing was caused by massive 
masonry chimneys falling in all directions, crashing through the roofs and ujiper 
ffetors. The destruction of buildings sueh as the Govei-nment House, Campbell 
fottage, Rockville Hotel, the Cantonment buildings of dalapahar and J^ebong, 
Harchvan House, the Jail, the Government High School, and to a lesser exR'nt tlie 
Kutehery, the Gymkhana Club and the Planters’ Club, Collinton, etc., could be 
fiEcribed to age, weak construction and poor foundations. The majority of tliese 
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buildings were old, they were constructed of heavy, undressed stone-masonry set 
in mud or in poor quality mortar, wliilo their foundations were often laid in loosoi 
aggregated sub-soil. ^ 

In the area of maximum damage, even in the midst of fallen hoiisoH, 
concrete structures stood almost unharmed, as also did well-oonstruotcd recent Iiuild 
ings of brick or dressed stone. The Katapahar bungalows, which are more ro(t nt 
than the Jalapahar buildings and which have their foundations on an out f roi) 
solid rock, escaped wreckage. Stephen Mansion, a tall, four- to six-stony 
re-inf orced eoncrete building, perched on the edge of a Mmd^ withstood the shot ks 
almost completely undamaged ; such also was the case with the new Virtori i 
Hospital and the St. Paul’s School, where the only damage was the full of a chini. 
noy or two and some wall-cracks. The bazaar and Chandmari quarter of tla* town 
with its recent well-built cement houses, escaped any material harm. 

Visible damage to buildings was largely confjn('d to the immediate vii initv (d 
fissuring in the ground, the part of the town to the west suffering much more ikjuj 
the area to the east. Whilii the chief damage to the main ridge seomed to have 
been due to earth-waves which proceeded from a westerly direction, in the spurs 
a roughly north-south rocking of the ground was apparently resj^onsihJe tor tlir 
major part of the destruction. 

The most noteworthy effects of the earthquake were confined to the (rent of 
the Darjeeling ridge and its outlying spurs, mostly on the western side. A ground 
crack, or rather a scries of more or less unidirectional, intermittent cracks, roughly 
N.N.W.-- S.S,E., could bo traced along the main ridge from the Mt. Harniau 
School, through Birch Hill and Government House from where it continued, afUi 
a slight change in orientation (N.IS'^E. S.IS'^W.) to as far as the Medicfil OlHcci's 

bungalow in the Jalapahar Cantonment. The crack did not extend to Katapahar. 
The fissures on the crest of the sjuirs had varying directions and were ocauriiilv 
oblique to the crack in the main Jlarjeeling ridge. Those traversing Ihdasia sjuir 
were aligned N.N.W.- S.H.E. ; the Bloomfield Police Lines had an hd.S.K,- 
W. N.W. fissure with a subsidence of five to eight inclu's on the north side ; a 
longitudinal crack was traced along the crest of the Hose Bank spur in a W.N.W . 
to E.S.E. direction, extending towards Sidraphong ; the Jail and the (iovciu- 
ment High School spurs liad a series of branching cracks, while the long ^lorUu liv 
Lebong spur was cut b.y another series of parallel cracks, trending N.20AV., gener- 
ally three to four inches wide, with local sinking of about six inches on tlie 
eastern side of the crack. Both scries of cracks varied from one- third of mu iiieli 
to three or four inches in width. Occasional local subsidence along them was 
due to differential sinking or compression of the loose sub-soil. A clone ('xaiiiiU' 
alien of the cracks, especially on the main Darjeeling ridge, showed tlunn to 
supei'ficial and restricted to the top layers of the sub-soil. 

Darjeeling Hills area , — The tea gardens and estates, scattered over outl>iu,!i 
westerly and south-westerly spurs of the Darjeeling hills, sustained considerubt 
damage to proj)erty. A number of the older bungalows of heavy stone inasoui} 
were either shattered and in part collapsed, or were uninhabitable as a result oi 
extensive cracking. Ground fissures, one or two of th(im over a mile in length, 
were reported to have formed along the spurs. The railway station at Tindliaria, 
situated on a bad site at the head of a steep khudy and built on poor foundatiec' 
>vas badly wrecked. A ground fissure, over 300 yards long, trending N-L - 
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observed beneath the sttition yard. Cracks paraUel to this traversed the 
building* The railroad between Tindharia and Kurseong, along with a 
considerable .area of ground in the Icesta Valley to the east, was practically in 
Jill oaiihqwake shadow. 

Kurseong, though strongly shaken, did not suffer appreciable damage, a fact 
wliirh niay be attributed in large measure to it^s houses being more commonly 
joiinded on rock or firm ground. 

At Rinibeok the school collai)8ed together witli parts of the walls of pvcca 
buildings. Most of the village is built of timber and was undamaged. 

At Bndhwari (27^ 00': 88^ 07') there were eraihs in the police cpiarters, but 
tlK‘ unoden houses escaped damage. 



CHAPTER XIX, 


ISOSEISMAL VIII, SOUTH OF THE GANGES. 

Patna district. 

Dinaporc (25® 38' : 86® 03'). — This town, the headquarters of Dinaporo Huh 
division, is about six miles west of Patna. Dinaporo is also a divisional headquar- 
ters of the East Indian Railway and the military headquarters of t}i(i 
district. 

The damage at Dinapore was rather less than at Patna. Verandalis, rocjf 
copings and porches collapsed, and walls, particularly over arches, were badly 
cracked. In the cemetery the movements were sufficiently severe to crack and 
displace portions of obelisks ; in one case the top of an obelisk 12 feet high and 
throe feet by six feet at the base was rotated 1*6 inches anti- clockwise above a 
plane four feet from the base. 

Fatwa (25® 30' : 85° 19'). — This village in the Barb subdivision had a popula. 
tion of 9,393 in 1931. The village suffered no great damage. Such 
Imildings, as the school and station, were cracked by east-west movements, and 
some roof copings fell. 

Bakhtmrpur (25® 27' ; 86® 32'). — A few buildings were damaged by cracks. 

Bikram (25^ 27' : 84® 61'). — This small village in the Dinapore subdivision shoved 
the uniusual feature, for south of the Ganges, of ground fissures and sand v erits with 
subsidence of buddings. In the thana budding the direction of the cracks indi* 
entod east-west movements. From small ground fissures within a few feet of tlio 
thana, sand and water was emitted up to a height of three feet. Water in tluj 
well in the thana compound rose to the surface and overflowed and the well va^ 
filled with saud when the water subsided. The well was brick lined and the iiHual 
water level is 20 feet below the surface. In some places water emerged for about 
live minutes after the movement. Another well was smashed and the brickwork 
broken. A fault striking east- west and 160 yards long followed one side of (he 
road in the bazaar ; the ground to the north sank four feet taking houses with it. 
Water and sand spurted from this fissure up to a height of four feet. Another 
fissure in the road also luid sand and water vents along its course. From stiK 
another fissure considerable sand and water were thrown out to a height of 
feet, for about six minutes, after the quake h«ui stopped. The fissure ert^^sod tlu' 
District Board road and caused subsidence on both sides of it. Most of the vil- 
lagers agreed that the movement was definitely east-west. 

Hilsa (26® 19' : 85° 17'). — ^This village in Bihar subdivflion is 13 miles bcaitb 
of Fatwa. Buildings were slightly cracked, and four houses out of one btindn i 
collapsed. The movements were mainly east- west. 

Bihar (26® 11' : 85® 31'), — This town, from which the name of the Province 
is derived, is the headquarters of the subdivision of the same name and had a pope- 
lation in 1931 of 46,994. 

Many buildings were quite severely cracked and a few hutcha houses cohaj^tn . 
The damage placed the town on the edge of isoseismal VIII. Most of the bnil 
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were old, but the General Hospital, built in 1926, had large cracks in aU the walls, 
espf'cially on the northern and southern sides. Occasional verandahs and roof 
nara|)t‘t3 collapsed. I.he general opinion of the hospital staff was that the inove- 
ineni^ took' place »S.E.- -N.W. 

(25 12 : 86*^ 06 ). ihis small town the Monghyi* subdivision 
is sit ii.'ited on tJio western bank of the Kiul rivc'r, a tributary of tlie Ganges. 

i jj(']<ees€3rai was <)nly slightly affected. North of the town some small fissures 
sand vents were arranged parallel to a 7ivl!u or ditch about 80 feet wide and 
S foci dcjep. A little sand and water was ejected during the opening and closing 
of the fissure, to a heigJit of five feet according to a villager. Other cracks to the 
noith discharged water. On the site of an old well, now infilled, water rushed 
out U) ii height of four feet. The water spurted for two minut(5s and e-ontinued 
to well up gently for some hours. During the shock the Kiul river, which flows 
north and has a very strong current, bec^ame very turbulent. In the bazaar, roofs 
of a few verandahs fell and a few walls collapsed. Most of the movements in the 
haziiar were east- west. In some of the better buildings sucJi as the Thana, Registry 
Oilico, Oak bungalow and station buildings, cracks were d(‘,veloped in the walls. 
Tiu 3 roof coinng on the western side of the railway station fell. The Btation Master 
remained that the water in the river near the bridge receded from mid-stream 
towards the banks and sand Avas throwm up from the middle. Small sand vents 
and cT'acks formed on the banks near the bridge. 

Bliagalpur district 

fihagnlpu)' (25^ 15' : 87^ ()0')."-rhis is the chief town and the administrative 
lioodquarters of the district of the same name. Its population was 88,847 in 1981. 

The damage at Bhagalpur was similar to hut of less intensity than that along 
the river front at Patna. Portions of buildings collapsed, many were so severely 
cra<3kc(l as to bo completely ruined. The greatest damage took place close to the 
river, the intensity rapidly diminishing southwards. A cert-ain amount f)f damage 
was done to light buildings in the bazaar but not comparable with the damage 
widTcred by heavy government and private buildings. The Church, the Criminal 
( V)ijrt* buildings, the Executive Engineer’s residence (old Burdwaii House on jack 
an lu s), the (Jommisbioneu’s and part of the roof of his house, the Judge’s 

I'ourt, the District Board oflice, the Local Board office, portions of the jack arched 
roof i?i the Central Jail, the old Circuit bungalow, the old Post Office, the Training 
Sc) tool, the Munsiff’s Court, the railway station, the railway offices (where two 
[Krsous were killed), the C. M. 8. School and the Club House w^ere seriously dam- 
^ 3 ^cd ; many of these buildings collapsed in pa,rts. A large number of old })rivato 
liiildings suffered similarly, such fis the house of Rai Bahadur Dip Narayan Singh, 
haja Sib Chandra, the late Babu Chandra Sekhar Sarkar, the late Babu Suryya- 
iiarayari Sinha, Rani Ghandrabati and the fine newly built two-storey house of Rai 
Bahadur Suhhrtaraj Rai. The old T. N. J. College buildings m well as the newly 
liiilt N. J. College building (built in 1920-21) near Chotm panagar, and the C. 

S. School were also badly damaged. There were few cases of house's levelled 
lo the ground. Some fine built structures, such as the new Circuit House escaped 
^ith no more than occasional faint cracks. The clock of the tower near the hos- 
pital stopped at 14-16 hours (I. S. T.). Time records vary from 14-16 to 14-20 


T 
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hours (I. S. T.)* The noise, accompanying the tremor, waa variously descriU^] 
as resembling a ground roller moving on a concrete floor, ‘ muffled guns \ or a 
‘ heavy lorr}^ ’ on the road. The Principal of the C. M. S. High School said that 
the school clock tower definitely swayed in a W. N. W. — E. S. E. direction. 
verandah pillars fell west and a pillar near the school foil towards E. S. E. 
of the fountains at Mr. Dip Narayan Singh’s house fell towards the east and all tin* 
ornamentations were broken and fell east. The verandah pillar of the house al];o 
leant towards the east and a j^ortion fell. The Headmaster of the ZiJla .Sdiool 
said that the school building rocked definitely in an east-west direction, qj,^. 
top ten feet of the tall chimney at the Shaw Flour Mill fell towards the east. All 
the pinnacles around the English church walls crashed and fell towards the ( ayi. 

As a rule north-south walls crashed rather than east- west walls. Maiiv <)hj, 
free to fall in any direction fell to the east, but occasional pillars wenj tilted to thf. 
west. Clocks with east-Avest swinging pendulums were not affected, but 
placed in other directions stopped. The evidence throughout the town indieatfs 
clearly an east-west to E. S. E. — W. N. W. direction of movement. Bliagalpur 
is on a thick, highly compact, yellow clayey loam, whicli served as a rigid fouuda. 
tion to many of the river-sido buildings, accounting for the absence of groiiud 
cracks. According to the Statesman five i>er8ons Avere killed and 30 injured at 
Bhagalpur. 

Sidtanganj (25® .15^ : 80® 45'). — This small village in Bhagalpur district is situated 
close to the south bank of the Ganges. There are two outcrops of granite gneiss 
on one of which at the river bank there is a Muhammadan mosque. The seeun l 
and larger one is occui^ied by a temple of Ghaibnath Siva. About a quarter of (lie 
houses at Sultaiigaiij totally colIa2)sed and the remainder were cracked. Houh('s 
near the river suffered far more severely than those further south. Of tlic houses 
that collapsed, the majority fell towards the west. All those houses wercj built 
entirely on alluvium. Mud huts were the least damaged. The water tower near 
the river bank at the north-west corner of the town Avas badly fractured luar fhv 
base and was leaning towards the east. A gate at the H. E. School fell to the 
east as also did parts of the tower. At Siiltanganj, the east-west moAa'inents Avne 
v?ry prominent. 

The temjile of Ajgaibi Nath situated on an outcrop of gneiss forming an island 
in the river Avas quite undamaged, not even (tracked, but the roof of tlic small 
dharamsala fell. The temjAle w^as built over 135 years ago and is older than the 
mosque. The Sultanganj Sahi mosque, not quite so old as the temple, is also built 
on gneiss at the edge of the river, wliich floAvs along its northern and Avestern fo(d. 
The building fell aw^ay on the western side, especially at the south- western eorucr. 

Ghogha (2.5® 12' : 87® 12').~At this small village, 13 miles east of Bhagalpur 
the intensity of the shock was not great. East of Bhagalpur tlic intensity dimi- 
nished gradually. The roof coping of the railway station, on the (‘astern ^^aIh 
fell down. There Avero diagonal cracks in the north-south walls, cspeciall} at 
the eastern end. The station cabin w^as also affected in the sara(‘ Avay and tin 
eastern and the western Avails were cracked. 

(Jolgong (25® 10' : 87® 14'). — At this small town on the right bank of the 
there are several detached patches of gneiss. Very few structures collapsed hta’' r 
but the fracturing was severe. Structures built on solid rock were mudi < ■ 
damaged than those built on alluvium. The movement was apparently 
a north-west direction than at Bhagalpur, 



CHAPTER XX. 
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Chatnparan district. 

Lnuriya Nandangarh (27“ 00' : 84° 24'). This small village in the Bettiah sub- 
division is situated some 14 miles north-west of Bettiah. "idio village contains 
tlie \vell-pr€‘served Lion Pillar of Asoka which, although over 2,000 yards old, is 
iti au 1 ‘xcellent state of |)rescrvatioii and its massiveness and exquisite finish afiord 
striking proof of the skill and resource of the masons of Asoka’s lime. The shaft 
is turnied of a single block of polished sandstone, 32 feet [)l inches in height, with 
I diameter of 35-5 inches at the base and 26*2 inches at the top. It supports a 
bell shaped capital six feet ten inches high, surmounted by a eircuhir abacus sup-*^ 
ix.iling the statue of a lion. The pillar remained undamaged except that the 
lion is reported to have shifted on its axis in an anti-chu'kwise direction. 

The village was not badly affected. Towards the north-west the dcicroaso 
ill intensity outw'ards from the eincentral tract was more rapid than in most other 
directions. This rapid decrease in intensity is partly intrinsic but partly also 
apparent, since the clay soil api^oars to have had a damping efl’ect. The 90 feet 
lii^h brick chimney of the Lauriya sugar factory, built some) 27 years ago and re- 
cently <*endemned, escaped without a crack. The old sugar factory, built of brick 
set in mud, was scarcely affected.. In Mr. Bird’s house, water swilled out of a 
gluori fish container towards the north. 

Saran district. 

Siu'tm (21)'^ 13' : 84° 21'). — This town, the hcad(|uartcrs of the subdivision of 
tJu* same name, is situated on the east bank of the river Dalia. Its j)opuhition 
ill 1931 was 14,215. 

tSiwan was unaffected by fissures or discharge of sand. Few houses colhipsed. 
Oanjcig^' t(j buildings consisted mainly of cracks in both north-sou tli and east- 
weyt whIIs. Several tiiirets were thrown in an easterly direction. Two double 
Ftorey buildings w^ero heavily damaged, and the upper storeys of two houses par- 
tially collapsed. The Criminal Court and the Jail buildings were slightly damaged. 
Ihc masonry globe supported on a marble canopy of a Shiva temple was projected 
to the north. A sandstone slab resting on the upipermost spire of Shubharat Shaira 
temple, and supporting copper globes resting one above the other surmounted 
ky a copper flag, w^as twisted in a counter- clock wise direction. A globe on the 
turre t on the north-eastern corner of a mosque was cracked near the base and leaned 
towards the north-west, another on the south-eastern corner met with a similar 
bite and loaned towards the south-east. Several turrets on the eastern side of 
Juioth(‘r mosque fell to the east. 


Purnea district. 


Bh 


^orth hank of the Ganges , — On the north bank of the Ganges, opposite the 
agalpur-Sahebganj tract, the earthquake effects were not of appreciably greater 
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intensity, although a sharply marked increase in the intensity l)ecame pf n-optjh)^ 
u^estwa-rds of Thana Bihpur. Between Katihar and the latter place, houevfr 
no considerable damage was observed either on the railway line or in the viljageg 
but the absence of masonry stnictures, except railway stations at ink^rvals of 
seven to nine miles, made it dijfifienlt to observe the effects in the soft, nuidi coitj. 
vated alliivinm and to assign values to their iiitcusity at didcrtait plat'c .s. \\ 
Naiigaehia some parm buildings, with an east-west long axis were inu< jj oihotc,}. 
walls facing south bulged out and be<‘.ome detatdied at the corners, Ihouui^ 
railway station an<l staff (juartei-s were unharmed. crat^ks (Icv.'kjjic (j 

7ialas and river beds. At Kursela the effects w<'re iiot })ronoun(cd, a s(j!jt,j|v 
masonry arch, 15 hict high and 10 fe(?t in span, was standing intact. At Katilwi 
scarcely any earthquake effects were perceived, their absence being reinaiknhle 
in view of the damage in the areas to the north and west. The slender ininaifts 
of a mosque were intact, so also were the chimneys of the factories, which sii.stainfd 
a few wall cracks. In the country lying between Katihar and Parbatipur the 
intensity of the shock steadily diminished. 

Katihar (25'^ 30' : 87® 36'). — This large village is situated about 18 miles south 
of Pumea, and had a population of 15,864 in 1931, excluding the railway [Ilf- 
ment, the population of which was 3,054. It is the chief railway (’cntrc in the 
district, l)eing an important junction of tho B. k N. W. llailway and tfic bifutr 
section of tho Eastern Bengal Railway. 

The slight damage at Katihar indicates how' raf>idly the eartliquako t tlVri 
diminished east and south of Puniea. A few small cracks ap]>«^ared in InuMiui; 
The Subdnsptaitor of Police felt a M.E. — R.W. movement. The brick jmctm nl 
the Kosi bridge, three miles west of Katihar, subsided slightly, Slig^ht ( 'm'lss 
appeared in buildings in tho villages east of Katihar, 

Ki^lmuganj (26®06\* 87® 56'). — ^Tbis town, the headquarters of tlio sulMlivision 
of the same name, had a population of 8,946 in 1931. 

Proceeding east from Parnea towards Kishanganj tho road, after abf>iit ilin-f 
miles, showed no certain signs of any damage. Oiui or two depressions uhif h 
might have been caused by tlie (iarthquake were occovsionally noticed up fo about 
the 15th mile, Kishanganj itself did not suffer from any noteworthy rlania^o. 
Only the thana, the jail, the Sub- Registrar’s office and the Mimsif's cmirt woo 
slightly cracked. The south-western end of the hospital was badly cracked -uhI 
had tf) be pulled down. There were no groimd fissures in tho viilfigo. The Snli 
divisional Officer stated that the movement was definitely east-west. 

Islampur, a village about 20 miles north-east of Kishanganj, and Thakurpnij. 
about 13 miles N.N.W. of Islampur, wore affected about the same as Kisliangnnj. 

Bahidurganj (26® 15^ : 87® 49'). — This villago is about 14 miles from IviaiianuuDj 
in a north-westerly direction. Some of the buildings were badly oradad. 
Sub-Registrar’s ofiTice, a kntcha-p^icca structure, was damag(‘d. Tlio hospit;d 
slightly cracked as also the Inspection bungalow. Tho Sub-Inspector’s qiiu (r^ 
were condemned. Several very small fissures, up to ten feet in length, were pre.-enf 
around Bahadurganj but no sand was thrown out. 

Dighalbank, a village at the extreme north of Kishanganj subdivision and abait 
12 miles north of Bahadurganj, suffered to the same extent as the latter village. 
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Gaya district. 

Qaya (24^ 49" : 85*" 01").— This town, the administrative headquarters of Gaya 
district, is situated on the western bank of the Phalgu. The town is divided into 
two parts—the old town of Gaya and the modern administrative town of Sahib- 
ganj, laid out at the end of the 18th century and containing the civil offices, resi- 
dences of government officers and business men of all classes, and pubUc buildings. 
The modem town with its straight, broad streets contrasts strongly with the old 
town, riddled with narrow lanes and crooked alleys, ‘ flanked by tall masonry 
houses with overhanging balconies or frontages of carved woodwork black with 
smoke and age \ 

I'lie intensity of damage aroimd Gaya was slightly greater than in places both 
to the north and south. The worst atiected portion of the town was Oayawah 
bighu, where many mud huts with heavy tile roofs fell. At the gaol the upper 
parts of two three-storoy blocks were badly cracked. The old portion of the town 
uear the Vishnupad Temple was seriously affected ; many buildings in the town 
were cracked and a few porches fell. At Nazraganj a few houses along the river 
were damaged ; some houses, 200 years old, and built of narrow bricks, were un- 
damaged. A verandah on the western side of Andar Gaya, the oldest part of 
Gaya, fell. Some very old buildings, built 400 years ago, and previously cracked, 
collapsed. Many tall buildings had to be abandoned. Part of a house in the Civil 
lines fell to the west, but most of tbo well-built structuTes received only a few 
cracks. The dominant movement in Gaya was east-west ; a monument in the 
compound of the Collector’s Court was fractured h(jri7.ontally by an east-west 
movement. The District Magistrate was definitely of the opinion that the first 
shocks were east-west and then changed to N.W.“-S.E., and the Superintendent 
of the Hospital observed that the njovements were east-west. There were five 
deaths (according to tho Statesman 10, and over 60 injured) in Gaya and 34 in the 
district. For some time there was com 2 )lete dislocation of the electric lighting, 
holograph and telephone connections. The Statesman reported that tho bed of tho 
River Phalgu, which is ordinarily a dry bed of sand, gimhed water and sand. 

Bodk Gaya . — Six miles to tho south of Gaya, was the scene of Buddha^s great 
enlightenment under the shade of the Bodhi tree, the site of which can still Ik) 
traced. The great Mahabodi temple, over 2,000 years old, is held in great venera- 
tion by Buddhists and Hindus alike. The eopi^ir ornament on a pinnacle of tho 
temple bent over etistwards. The east- west walls were cracked and the roof moved 
IJ inches to the east from the wost(im wall. On tho top floor a western wall fell 
Inwards the east and a roof coping fell east. The ornament at the top of the Bodh 
Mandir fell to the south ; otherwise no damage was done to the temple. There 
were slight east- west cracks in some of the walls. 

Santal Parganas. 

^eoghat (24® 30' : 86° 42').— This is tho headquarters of the subdivision of 

same name. Deoghar is in tho same zone which includes Dumka, the 
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headquarters of the district, the intensity being slightly higher than that of places 
to the north and south. Buildings were damaged by the usual wall cracks, over 
arches, doors, windows, etc., and roof beams pulled away slightly from the walls 
in some cases. The movements were dominantly east — ^west. The Subciivisiunal 
Officer was on tour in the subdivision but felt the movement to bo cast-west. 

Nunihat (24*^ 29' ; 87° 08'). — ^This is a small village near the Lagwa hills on 
the borders of the Deoghar subdivision. The Inspection bungalow sustained a 
few slight cracks. An adjacent ornate bungalow was imaffected. 

Hansdiha (24° 36' : 87° 05'). — few cracks were present in the bungalows. 

Dumka — Naya Dumka (24° 16' : 87° 15'). — This is the headquarteis of (Ik. 
Santal Parganas. Dumka falls within a narrow zone of increased intensity, run- 
ning roughly W.N.W.-E.S.E., and enclosed within the main isoseismal Vll. The 
damage within this zone was sufficiently great as to mark it off from the of 
isoseisjnal VII. There was a general consensus of opinion that the first move- 
ments were east — west, later changing to north — south. One person relate cl how 
lie stood outside his house, a long structure aligned east- west and with a galva- 
nised iron roof, and saw ripples six to eight inches high run along the roof ! He 
was definite that they moved from east to west. Another person stabxl that he 
first heard a noise coming from the west. The Deputy Commissioner’s bungalow' 
was fractured by east- west movements. The roof had to be taken down. Other 
buildings, such as the Police Sergeant’s bungalow, Mr. Dixie’s house, St. Andre w'a 
Church, Treasury and Sessions Court were somewhat cracked, some roof parapc'ts 
collapsing. The Circuit House, Post Office and P. W. D. Office were unalTceted, 
Movements at Dumka were mainly east — west. 

Santal Parganas south of Bhagalpur, — South from Bhagalpur it was obvioii,«? 
that the damage diminished very rajiidly indeed and the intensity was immcdiatf ly 
reduced to VII, indeed, especially on the Gangctic flats, the intensity might almost 
bo placed at VI. At Dumka, however, some moderately good bungalows worr 
rather severely cracked and the intensity there was rather high, Sirnilailv at 
Deoghar. It was difficult to compare Deoghar and Dumka as the hiiildiugs at 
Deoghar are rather older, more kutcha (or less pucca), but judging from the vxtv 
slight cracking in the well-built station verandah, and comparing it with the ab- 
sence of cracking in the best built structures at Dumka it may be said that at Dco- 
ghar the shock was a little more intense. 

Comparing Rampur Hat with Deoghar, it was obvious that Rampur Hat 
got off lightly, notwithstanding that kutcha-pucca bungalows were more .so\orely 
damaged. The P. W. D. bungalows were rather less damaged, and thi' statifai 
showed no sign of cracks— these may be compared with the better structures at 
Baidyanath Dham station. 

A very noticeable feature throughout was that heavy P. W. D. stractiircs 
showed worse damage than the light structures of the bazaars. This was obviously 
due to the heavy structures being unable to adjust themselves to the rapid move- 
ment of the foundations and was not necessarily due to bad foundations. Al- 
though the P. W. D. structures wore cracked, they rarely collapsed, in contrast 
to the kiUcha-pucca structures, which when once cracked frequently became rumec . 
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Shahabad district. 

Arrah (25° 34' : 84° 40'). — This town is the headquarters of the Shahabad dis- 
trict. The population in 1931 was 48,922. Buildings wore damaged mainly by 
w{ill cracks and the occasional collapse of ornamental work. Tlu^ Civil Court 
building and the Bar Library collapsed. In the bazaar sevT*ral buildings, mainly 
old and of kutch^-piicca construction, collapsed and parts of otlu^r buildings fell. 
Six t>eople were killed of which four were in one house. New buiklings were un- 
damaged. The Subdi visional Officer, remarked that the movements were west- 
east, a view supported by others. In the S. I). O.’s bungalow bottles in an almirah 
faoiTig cast, on the western side of a room, fell east, on to the floor. Slight local 
sid)sidence of the ground w<us noticed. 

Samimyn (24° 54' : 84° 00'). — This town, a subdivisional headquarters in the 
Shahabad district, is situated two miles from the north('rn escarpment of the 
Kaimur hills. The town sustained very little damage. The courts, built of sand- 
stone, were undamaged. Some of the officdal quarters were slightly cracked, in- 
cluding those of the Suj)erintendent of Police and the Second Ofliccr. Tiles came 
off the roof of the Munsiff’s house. The S. D. O.’s quarters wore badly cracke<l 
and some plaster fell. Three deaths took place in the bazaar owing to the collapse 
of a verandah. 

Ikhri-on-Son (24° 54' : 84° 12'). — A few minor cracks appeared in the build- 
ings. 

Gaya district. 

J^lmnahad (25° 13' : 85° 00'). This is the headquarters town of the subdivi- 
sion of the same name and is situated at the confluence of the Morvhar and Jamuna 
rivers. No houses collapsed in the town but about 50 per cent of tlio houses were 
damaged by cracks, mostly affecting the southern walls. The tendency was for 
east-west walls to show the most cracks. 

Bell (25° (X)' ; 85° 00'). — A small railway station about 15 miles south of 
Jahanabad, The Inspection bungalow and the railway station building were, 
^^lightly cractked. 

Nciwad-a (24° 54' : 85° 36'). — This railway station on the South Bihar branch 
cf the E. I. Railway from Kiul to Gaya, got off extremely lightly. The court 
huilding sustained some east-west cracks as also did the school building in which 
O' few horizontal cracks appeared around the walls below the roof. 

Monghyr district 

BihaMra (24° 68' : 86° 02').— This is a village in the Jarnui subdivision, about 

3 miles west of Jamui. The thana, a flat roofed pucca structure, built in 1927, 
very slightly cracked, mainly by an ejist-west movement. In tliis respect 

ajha thana building, although better constructed, was worse damaged. In the 
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village, the worst damage was sustained by two-storey pucca buildings, some of 
which had to be rebuilt. 

All deaths in the Jamui subdivision occurred west of Sikandra and on ( ither 
side of the road to Nawada. Altogether six deaths were reported due to th(^ fall 
of beams. 

Khuragpur {2ii° 01' : 86® 33'). — This village, in the Monghyr subdiviHlon, ’]^ 
situated close to the eastern flank of the Kharagpur hills, and 25 miles 
of Monghyr. In the bazaar area only the upper floors of two double-stoi(3y build- 
ings were badly cracked. The Lee H. E. School, a fine pucca building, opened in 
1932, showed no signs of any fracture. Cracks in other buildings were mainly due 
to east- west movements. 

Mananptir. — ^At this railway station on the main line of the E. I. Railway, 
nine miles N.N.W. of Jamui, the buildings were cracked but not so badly at 
Jhajha. All the station chimneys fell. 

Jamui (24® 65' : 86® 15'). — The headquarters of the subcli vision of tin- sauii' 
name, Jamui stands upon alluvium with hills close proximity. Most of 1 b(3 build 
ings, such as the Station, Subdivisional OflSces, Munsiff’s Court, the iSul) Jail, 
affected by cracks and fall of plaster, but not to any great extent. 

Jh/ijha (24® 48' : 86® 24J. At this important st^ition on the E. I. H.iilway, 
situated in the south-east of the Jamui subdivision, the station buildings wfie 
badly cracked, much more so than at Jamui station, although both the 
were built about the same time. Kutcha-puccxi buddings in the village Averc badly 
cracked and six of them fell, one being a three-storey structure. The tooi of tin 
eastern verandah of the thana collapsed because the steel beams fell out. A poitiou 
of the constables’ barracks at Jhajha fell. 

Bhagalpur district. 

Bangaon (24® 59' : 87® 00'). — This small village is about 17 miles due south of 
Bhagalpur, and was practically unaffected. The Dak bungalow susi. lined n frw 
cracks in the east- west walls from east- west movement. The north south w.ills 
were cracked. 

Mandar Hill (24® 48' : 87® 00'), — ^This village, situated about 30 milc.s ,s<;uth of 
the town of Bhagalpur, was very little damaged and there were but few cr;i(k.s ui 
the buildings. The north-south walls of the Inspection Bungalow sustaiiu^d some 
vertical cracks. 


Santal Parganas. 

Bajmahal Hills (SakebganpRajTnahal-NalJiali), — >South-east of Bhagalpur tliere 
was a rapid fall in intensity as the Rajmahal hills were entered. The tract o 
traversed by a meridional railway line and the weU-built stations at re gular intci 
vals of four to six miles furnished reliable evidence of the incidence of tne < artli- 


quake in the area. 

At Sahebganj station the direction of the main movement was given by 
observers as east- west, by others as definitely as north-south, the one scries of tic 
mors evidently following the other. Damage was confined to cracking of ^ s 
and ceilings of most of the old buildings at all stations along this liiu - 
at Sahebganj, where some private buildings (old and weak) and portions o 
upper storeys of the Railway Institute and of the station fell, no othei: 
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collapse® known. Kajinahal reported no damage beyond cracks in the railway 
station and in the comers of old houses. At Nalhati, though the vibrations were 
felt strongly» as perceived by the north-south rocking of a standing train on the 
platform and the shaking of the overbridge, aligned at right angles to it, no loose 
objects fell* 


Birbhum district. 

Eavipur Hat (24° 10' : 87° 47'). — This headquarters of the subdivision of the 
same name is situated on the western slope of an undulation, which commands 
a distant view of the hills of the Santal Parganas. The town has a locomotive 
depot of the E. I. R. Cracks developed in some of the buildings and the school 
Yvas so badly damaged that it had to be demolished. The principal movements 
were apparently east-west, the room and verandah on the oastern side of the rail- 
way doctor’s bungalow fell to the east, and the south-east comer of a three-storey 
tower on the south-west comer of arouse fell to the east. I’he easttu-n rooms of 
a katch(i-pMCca building fell to the east. The Station Ma.s<^!r reported that the 
movements werci definitely east -west. A large pad in his olfice slipped about six 
iric-hes to the west. 

Darjeeling districl. 

At Siliguri, a few miles south of the Himalayan foothills in North Bengal, 
there were no visible effects of the earthquake. Proceeding north along the Dar- 
jeeling Himalayan Railway the first signs were noticed at mile above wliere 
a lissnre in the embankment, two to three inches wide, ran N.20°W. -8.20°^., 
parallel to the rail line for about 200 yards. Another lissuro was formed near 
(iulma, miles due north-east of Sukna along the rivulet of that name. It con- 
tinued to spout water and white sand for some hours after the shock. 

In the wide belt of hills between Darjeeling and the submontane tract around 
Siikua, no destructive effects were noticed in the buildings, or in the road and rail 
track, which remained open to traffic all through. 

In the deep gorge of the Tcosta valley, besides two large slips which oc(;urred 
at mile 21 and some minor slips along the Teesta Valley road, no damage took 
place. No loss of life or property was reported at Kalirapong. The bridges (with 
(me exception) w^ere safe, including the recently completed single-span concrete 
bridge at mile 32, carrying the main road to Kalimpong and Sikkim. This fine 
structure admirably withstood the shock, although some reports stated that vibra- 
tions were felt strongly both in the direetion of the long axis of the bridgtj (i ast- 
west) and transverse to it. 


Jalpaiguri district. 

Jolpaiguru — Headquarters of the district of the same name and the Rajshahi 
division, this town reported no material damage to buildings, but a surface disturb- 
ance of the river bed, raking up some buried wood, was noticed. 
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Champaran district. 

BagaJiu (27” 06' : 84° 07 ), — ^This large village in the Bettiah subdivision is 
tuated on the eastern bank of the Great Gandak, 35 miles north-west of Bettiah 
and was the end point of one of the re-levelling traverses made by the Bnrvov of 
India subsequent to the earthquake. The village escaped damage during the 
earthquake, apart from a few cracks in the houses in the bazaar. Ornanionts in 
Mr. Campbell Martin’s house fell to the west and the w'cstern side of Jiis houso 
was slightly cracked. 

Triheni Ghai (27"^ 28' ; 83° 57'). -This i# the name given to a ghat or 
over the Great Gandak at the extreme north-western corner of Champaran dis. 
trict, where the river first enters Indian tt^rritory. Not a crack was noticial in tlio 
headworks of the Tribeni canal, although the shock was felt badly ciiouglj. This 
is evident from the fact that Mr. Campbell Martin was throMui from a machan dose 
to Trilnmi Ghat while waiting for a tiger. The shikaris sat on the ground holdin^r 
their stomachs. No sound was heard during the quake. 

Burdwan district. 

Asansol (23° 42' : 87° 00'). — This town, the headquarters of a subdivision of 
the same name in the Burdwan district, is situated in the eontro of the Runioaiij 
(.•oalfield. Pojmlatum in 1931 was 28,888. The shock had little effect hviv but 
the office building of tlio Mines Board of Health, was rcporhxl to havi^ hetui ex- 
tensively cracked. A group of colliery managers who were together at the tinii' 
saw ground weaves moving from west to east, ea(;h jxirhaps six indues higfi and 
12 feet from crest to crest. This was in addition to the usual vibratory in(»tion. 
Cars on the road were swaying. Trees sw^ayed and many people had a fei ling of 
giddiness. 


Murshidabad district. 

Azirnganj (24° 14' : 88° 18'). — ^This town in the Lalbagh subdivision of Miirslii* 
dabad district, is situated on the right bank of the Bhagiratbi, 13 miles north of 
Berhampore. Aftc'r the 1897 earthquake, it was reported to be in a st.itc of min, 
but the town stood the present earthquake without any marked damage. 

Berhampore (24° 06' : 88° 18'). — Headquarters of Murshidabad district, Bi'ihain- 
pore is situated on the river Bhagirathi. The damage to buildings was compara- 
tively slight. The long lines of one or two-storoy buildings (the old East In<xia 
Co.’s barracks) constructed of massive masonry, and supported on rows of ardics 
withstood the shock very well. The government offices, aligned S.20°W., aiid 
line of low arched barracks accommodating the Dak bungalow, the Churcli, 
Post Office, etc., suffered from some minor cracks. The local Telegraph 
recorded the time of the earthquake as between 14*11 and 14*13 hours. Tlie clock 

( 272 ) 



ISOSEISMAL VI. 


273 


of iliis office on a wall aligned W.20®N. did not atop, bat the one in the adjacent 
post Office room, fixed on a wall at right angles to the former stopped. 

Murshid<ihad (24° 12' : 88° 18'). — ^This town on the Bhagirathi in the Murahi- 
(liibad district in Bengal, contains the palace of the Nawab Bahadur of Murshi- 
Jabacl, a lineal descendant of Mir Jafar Khan. It sufTered greatly from the earth- 
quake of 1897. During the present earthquake the palaces of the Nawab, a fine 
old, strongly built structure of brick and chunar sandstone masonry (1829), 
sustained some damage. The shorter, north-south, walls w^ere cracked and the 
tumcr, east-west, walls, though intact, were displaced by three more or loss 
paraded rents. These cracks were to a certain extent re|X‘titi()ns of those produced 
bvtfu^ 1930 earthquake. The severest cracks tended to cluster round the north- 
corner. At the Imambara, a new building opposite th(‘. Palace (and not so 
w(‘ll ((mstructed as the latter), enclosing an oblong quadrangle with (*ast-wcst 
rilii:nincnt, the south-facing parapet and balustrade collapsed. Three minarets, 
top-heavy structures supported on the rather weak balustrade, were hurled north - 
\\ards and, breaking through the roof, crashe<l to tlic lloor ludow. 'Fhe clock 
towe r in the (piadrangle was standing, but its top portion was rent, accompanied 
l,y some fall of masonry. 


Rajshahi district. 

Rajshahi (llampur Boalia). (24° 22' : 88° 39').-— Phis district headquarters, 
situ.itcfl on the north bank of the river Padma, was tlte easternmost station in Btuigal 
visited by an officer of the Geological Survey of India after the cartliquakc. Time 
re(’nrds w^ere unreliable, none of the three clocks of the Postal Superintendent’s 
oiH(‘c stopped. No noise was heard during the shock. The nature of tlie move- 
luciits was said to be vibratory and undulatory as in a steamer. No objects fell. 
l^l^ts of the walls of the Club House (108 years old) were damaged. The Mission 
House, also very old, had its portico pillars detached from the rafters of the roof 
and t hrust six inches towards the south. In the town, i)orti(>ns of V(‘ry old build - 
inj^s ('amo dow’n but no noticeable effects were seen in structures. 



SECTION C.— ABSTEACTS OF REPLIES TO 
QUESTIONNAIRES. 

(Compiled BY A. M. N. Ghosh.) 

CHAPTER XXIV. 

ISOSEISMAL VII+ 

The nature of isoseismal Vll-f has been described in Chapter If, wlierc the 
Jinear arrangement of this belt of increased intensity was noted. As jniuht hf* 
expected, it is less intense at its western end, Allahabad, than in Biliai, ainl, 
naturally, there is little difference between parts of this VII | bolt and [)cir1s 
of VII close to isoseismal VIII. The point to be sti’essed is that there is uii » ast 
west belt of incieased intensity within isoseismal VII with an area of soij,culia( 
lower intensity to the north of it. Although Bhabua, ftasaram and i>ehii ( n So!i 
are on tins line the intensity of damage at those jdaoes was below that i>i th* re t 
of this belt. 


United Provinces. 

Allahabad district. 

Allahabad. 

General, Allahabad , shock was strongly felt at Allahabad, when a huiuIk - 
of houses were cracked, and some of them rather badly. The dmation Il)<' 
shock was more or less 180 seconds. A rumbling noise was heard by mofei p( opt . 

Collector . — He was travelling in a motor car and did not feel the sliocK. On 
making enquiries, however, he reported that a continuous shock with \iiiviiiu 
intensity was felt at Allahabad. A rumbling noise as if heavy traetii ii • iipiiv 
were passing was heard during the shock. Some i.>Iaster fell i/i his 
which was cracked in many places. Many houses were cracked in the city. 

District Jvdge . — Duration 180 seconds. He felt two severe shocks with lull 
in between. Loose objects were thrown down and ^alLs of buildings weiv . j.s Ic *!. 
A rumbling noise was heard before and during the shocks. 

Nand Lai, Executive Engineer . — He felt several shocks and saw the stone (loss 
over the Holy Trinity Church fall down. The stone finial over the dome of the chvl 
tower in the Senate Hall was bent. The shock caused considerable <Iainage Ui 
heavy two-storey buildings. 

Superintendent, District Jail . — He felt one shock, which started rathei sliengl o 
then got weaker and became strong again before it died out. A rumhling nois' 
was also beard. 

Personal Assistant to the /. Q., Police . — ^Three shocks were felt. All tiu^ ^ 
of hifl bungalow were cracked. Some rooms in the I. G.’a office were badl)' cruc a t 
and had to be vacated. 


( 274 ) 
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4, C. GuptOf Accountant General^ V, P . — ^He felt one shook and heard a noise as 
though an aeroplane passed overhead flying fairly low. The earthquake started 
^ith shaking of the desk and chair and then the whole building shook, the 
ceiling showing the opening between each plank. The seats vibrated 
veriieally and on the lawn the ground was undulating and earth ripples were noticed. 

an ij of the roof of the corridor on the first floor crackl'd in the c.c'ntve 200 

t bringing down the iron wcdge.s fitted in old cracks. Walls cracked over 
and doorways and some bricks fell down. The jai^k-archcd roofs of four 
Pouius wcn^ badly dainaged. 

7’, (L McGinn^ Assistant Secretary to Ooverunienf^ U . P. - lie felt oiui sevcrii 
yho( k and heard a rumbling noise resembling that of a motor engine. Roofs of 
fjovcral rooms in the Secretariat block were damaged and debris fell. The walls 
of ?ill the rooms were more or less cracked. 

A. 0, Holmes,— Bogs began to bark. 

postmaster,- — Several pictures wei-e thrown out of position. The ceiling of tfio 
main office hall and the stone staircases were cracked at several pbi(;es. 

J. M. David, Registrar, University of Allahabad, — Minor cracks appeared over 
.several arches ; the walla of the Zoological Department in the Muir Central College 
wore slightly cracked. Two glasses of the Senate House Tower (dock were broken 
a?i(l two atone finials on the top of the domes were bent. 

Bijai Nora in, Accountant, Excise Commissioners Officr.-Two shocks. The 
first iMsicd about 60 seconds and ap{)earcd to subside bc'fove the so'cond shock of 
•uvMlcr intensity startl'd and Jasti'd about 120 seconds. A sound as of an aeroplane 

lu ard at the commencement and lasted during the shock. Houses shook and 
SOUK’ them were cracked. 

J. P, Ghosh, Modern High School , — One continuous trenK>r accompanied by a 
scund like that of a high wind. Hanging objects swung cast- west, walls of the 
scliool building sustained vertical cracks. 

Garrison Engineer, Fort, — Felt one shock ai^companied by a sound resembling 
1 lint of a heavy lorry in motion. Ceiling fans swutig lO'^- 1 5"^. Several of the officers’ 
(]um toi H inside the Fort had to be evacuated as they were badly cracked and rendered 
iipHnfc pending repair. The church was renderiMl unsafe and had to be closed down 
for repair. In some of the buildings plaster fell and minor cracks occurrcil. 

Lkut. Low, I,A,O.C,, Fort, — Felt one long continuous shock. Rumbling noises 
were audible resembling stamping over a hollow floor or train going over a 
bridge. Masonry walls and roofs w^ere cracked and some bricks and mortar foil in 
one room. Electric ceiling fans swuing east-west. A small square tank full of water 
was observed to flovt^ over to the east two or three times and the surface was still 
flisinrhed after about half an hour. A stationary motor car moved violi'utly 
biiek wards and forwards and from side to side. 

Executive Officer, Allahabad Cantonment, shocks prccedi’d by a noise like 
that of a motor car. Several buildings were cracked. 

Naini, 

Superintendent, Central Jail, Naini, — He felt one continuous shock. Buildings 
'vero cracked superficially in several places. 
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Mirzapur district. 

Mirzapur. 

Assistant Engineer, — He felt one shock during which a sound like that of a train 
was heard. Two houses were razed to the ground and the church steeple was broken 
Some badly built houses were damaged. 

Superintendent y District Jail. — Four to six shocks were felt. A rumbling noise 
was heard. Doors and windows rattled and hanging objects swung. A portion 
of the outer wall of the jail fell and cracks in several buildings of the jail anr] 
elsew here were noticed. 

Assistant Engineer y Special Division, Mirzapur Canals. — Six shocks of 
the first was light and the third and the fifth very strong. During the .shocks a 
buzzing noise as if half a dozen aeroplanes were flying very low was heard. Ki arly 
every building in the station was cracked and a large number collapsed. 

Station Master, E. I. E.—A severe shock accompanied by a rumbling noise. 
Blocks of plaster, bricks, etc., were thrown from walls and roofs. Some buildiims 
in the railway colony were cracked, some badly and others to a lesser degree. 

Medical Officer, Sadar Hospital. — Five shocks preceded by a rumbling noise like 
that of an aeroplane. Several houses collapsed and six pt^rsons were admitted 
into the hospital as a result of injury. It was difficult to remain standing ajul one 
felt giddy during the shocks. 

CJmnar. 

The President, Settlement Notified Arcxi. — He heard a noise similar to tliat of an 
aeroplane. Walls collapsed, joinings parted and severe cracks in the w^alls took 
place, two- and three-storey hoases suffering the most. Some buildings were paiii^ 
ally destroyed. Most of the wall-clocks stopped. Cracks took place in the gr«mn(i 
on both banks of the Ganges. Kulcha buildings suffered the least. 

P. W. Inspeclory E. I. E,—Oi\o continuous shock accompanied by sound 
like the humming of bees. Doors rattled, telegraph wdres danced and some of tin- 
buildings were cracked. 

C. M. Ganguly, Mcdicul Officer. — Two or three shocks preecdod by a rundilim/ 
noise like that of an aeroplane and which continued during the shock. Some 
buildings fell down, a numlx'r partially collapsed and others were cracked. 

Ahraura. 

M. T. Khan, Chairman, Notified Area Committee. — A rumbling sound as of an 
aeroplane was heard during the shock, the direction of which was east -ucHt. 
Loose objects fell towards the west. Small articles of about one pound in weight 
moved a few' inches. North-south Avails cracked from the pdinth to the roof. I>ig 
and old houses fell and scmie Averc badly damaged. 

J . N, Moiirn, Medical Officer. — A rumbling noise as of a train going through a 
tunnel Avas heard during the shock. Doors and Avindows rattled, loose objects wcio 
throAvn doAvn and pucca houses collapsed. 

Benares district. 

Benares, 

Dorothy Crosihivaite, Commissioners House . — ^A continuous shock started 
denly and was accompanied by a sound resembling the roar of a heavy k>rry 
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Cracks? nearly all north-south, appeared in the walls. The parapet on the eastern 
porch running north-south was shaken louse. Other houses in the vicinity suffered 
freni greater damage. A N. E. — S. W. movement of the groimd was felt. 

jijxeciiiive Engineer. — The shock was continuous but intensified thrice, each time 
niorc than the previous one. A rumbling noise was heard throughout the quake. 
Walls of some buildings were cracked, parapets over roofs and also the roof of a 
buildin^^ 

S. K. Deva, Suh- Registrar y Machhlishalir . — He was at Benares at the time of 
the earthquake and felt a tremor follow^cd by a smart shock, which increased in 
violence and lasted about 120 seconds. The shock was followed by a further 
irenn^r and suddenly stopped with a mild jerk. A humming noise like that of an 
aeroplane was heard throughout the shock, later it merged wdth the creaking sound of 
buildings which swayed like leaves of trees. The ehadrie wires swamg violently. 
The direction of swdng of hanging objects was N. E. — S. W. approximately. Many 
buihlings at Benares were cracked over the arches. Several tvvo>stort'y houses 
collapsed. Three deaths were reported and some 25 persons injured by the fall 
of houses. 

Major E. C. Cuthherf . — Every room of his bungalow, built in 1830, w as cracked. 
A Morris car standing in low' gc^r, oscillated about nine inches nortli-soutli length- 
wise. There was a slight alb^ration of the floor level in the w'cstcrn rooms of the 
bungalow. 

If. E. Jackson. — One shock of varying intensity. A sound as of a high wdnd 
and of heavy traffic was heard before and during the earth mov(‘ment. Hanging 
objects swung east-west and light picture frames w(*re moved. Walls of buildings 
Mere cracked and tiles of the roof of his bungalow moved. 

Benares Cantoninenf. 

iS. Singhy Naib Tahsildar . — A sound resembling that of an acTopIane was 
hoard during the shock. Hanging objects swung east- west. 

Lieut. -Col. N. S. Taylor y Hyderabad Regimen f. — Duration 1 80-240 seconds. 
Two .shocks, preceded by a noi.se like that of a passing train. Doors and windows 
rattled, hanging objects swung north — south. Loose objoct.s were thrown down 
towards south-east. His motor ear standing nortli-sontli swayed on its springs in 
ail oast-w'est direction. Col. 'Tayhir standing in tlio compound felt a continuous 
sorh's of short waves moving from west to east. Walls of many buildings were 
cracked and chimneys fell. 


Kasi. 

T. Cambridge y Executive Engineer in GhargCy Dvfferm Bridge, Kasi, E. I. R . — 
During the earthquake the Gang<‘S swayed from side to side for a vertical height 
oi two feet and in the two following days tlie water loved rose by two inches, but 
lour days later it was six inches lower. 

Moghul Sarai. 

B. Ohatterjee, Bridge Foreman, Plant Depot, E. 1. R. — He felt one shook 
^vhi(‘h was accompanied by a rumbling noise as of a lieavy lorry. Doors and 
^vuidows rattled and hanging objects swung. Some hou.ses were cracked. 
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Bextares State. 

Ghakia. 

iY. 8. Anatid, CoUecior, Benares State . — He was motoring at the time of the 
earthquake and noticed that suddenly the car was getting into a tremulous motion 
with a tendency to take to tiie eastern side of the road. On making enquiriesj 
afterwards he found that three separate shocks in quick succession wore folt and 
sound like that of a heavy lorry was heard before and during the shock. Hangincr 
objects swung north-south. Loose objects were thrown towards the east. A 
number of stone Avails fell and parts of 'pucca buildings collapsed, mud hut8 
escaping. An east-west fissure in the ground, was three to four inches Avide. 

L. Ghand, Tahsildar. — One shock lasting about 180 seconds. It was pre(iedod 
by a rumbling noise like that of a heavy lorry coming from north-west. Hanging 
objects swung east-west and loose objects were throAvn either east or west. The 
northern and eastern walls of the buildings were more cracked than others. Portions 
of some buildings collapsed. At Amra Patti Chaubisha Arillage a small north-south 
fissure near a nala of the river Garai emitted water and sand. The fissure was 
two inches wide and water flowed for about four hours. 

Latifslhoh. 

P. Lalf Divisional Engineer, iMifshah {Ghakia district), Benares Sla(e,- 0ne. 
shoc^k for 180 seconds accompanied by a noise as of a motor car or aeroplane, coming: 
from the north-west. Hanging objects sAVung north-south. Loose objects wrrf^ 
thrown towards the east. The Avestern and the northern walls of buildings were 
more cracked than others. Some buildings partially collapsed. Standing water 
in Latifshah reservoir was violently agitated and mud was brought up from 
the bottom. 

Bihar. 

Gaya district. 

Gaya. 

Eai Bahadur G. G, 3fukh€rji, GoUector. — One shock for about 180 socondfi. 

A rumbling noise was heard before and during the shook. The shock was acA^oro 
enough to bring down many houses and almost every house was more or less damaged. 

N. N. 3Iaitra, S.D.O., Sadar {Gaya). — ^The clock of his ijlas stopped at 14*IB 
hours (I. S. T.). Duration 120-150 seconds. At first a rooking sensation Wcis felt 
and in a second or two a rumbling noise as of heavy loaded lorries parsing, or rolling 
of distant thunder, was hoard. When he came out in the open the ground under his 
feet pulsated. A book rack three feet high, and full of books, foil down. Walls 
of many buildings were cracked. Four beams aligned east-west, on the portico of 
his house, moved two inches to the AA^est. Tiles from the eastern and western roof 
8loi)os of the A. S. I.’s quarters were entirely shaken off, but very few from the 
northern and southern slopes. The ornamental domes on the top of the Collect )- 
rate building fell either due east or due west, that at the centre fell due south. 
Several balconies and walls collapsed, 

G. Loritner. — A slight tremor for 20-30 seconds intensified into a severe shock 
for 120 seconds and then gradually waned and died out within 20-30 seconds. A 
rumbling noise like that of thunder peels at a distance was heard throughout the 
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shock?!. Iron poles for electric mres on the roof of the bungalow moved violently 
up and down vith the wires. Piciiuvs, glasses, tumblers, etc,, were thro^v 7 l down 
inside the bungalow. The walls of the bungalow although strengthened by iron 
plates and tie rods, were cracked. Mr. Lorimer felt an up and down and circular 
motion as if the ground under his feet was bubbling or boiling. 


Santal Parganas. 

Deoffhar. 

Jndrasahih, Syh-Trhsj)erlor of Police, — Duration 10.5 seconds one continuous up 
a.?id down ‘ springing ’ motion. Before and during the shock a sound like that of 
an aeroplane combined w^ith several mot^r trucks in motion was heard. Walls 
of many buildings were cracked and portions of some buildings collapsed. 

Jasidih. 

fkid^e Foreman^ Adjai Bridge. — An east-west ground movement for ISO seconds 
followed by an up and down movement for 120 seconds. A rumbling sound like 
that of low thunder w'as hoard at the ])eginning and gradually died out towards the 
end of the quake. Afb'V the earthquake water in the Adjai river rose one foot nine 
iiuhcs, appeared to remain still for some tinu; and tlien flowed down stream. Next 
morning the water was about tlure inches above normal. Cornices of htiildings 
were cracked ; wakw was spilled from a fdh'd wash basin. Ciaf^ks api)oared on 
newly mailo embankment and the old embankment settled slightly. 


Madhu'})nr. 

'S. Rai, Fub-Tn-^peefor of Police, Madhupur.- Om^ conliruious shock for ISO 
Wf onds. An uryisnal sound like that of a railway train was lu ard. 'Fhe observer’s 
seat moved. WaHs were cracked. About ten houses were badly damaged and GtM) 
houses were cracked witliin the chilca (jurisdiction). 

Asnsiant ^Superintendent, Way arul Works, E. I, R. A j)rcliminary tia^rnor for 
ir> st'conds was followed by a violent shock for 70 seconds (luring which the ground 
oscillated K.W. — S. E., with an estimated maximum amplitude of four inches 
and a frequency of 100 cycles per minute, which ended ahrux3tly but was followiul 
hy tremors for another 100 seconds. A rumbling sound w'as lioard for seven st'conds 
'At the beginning. A largo numl>er of buildings wx>rc cracked. 


Jkimka. 

l^imjmndan Prosad, Deputy Magistrate, Ihmilca, ■ He was sitting in fh<‘ (Jollcc- 
lorate court room and felt the shock, which lasted about' 180 seconds, at 14*1.5 
flours (I. S. T.). Before and during the shock a rumbling noise w^is heard. The 
!^hi88 shutters and doors of the court room rattled and his table and tdinir were 
i^'haken. Hanging (objects swung north-south and the ground aiid floor undulated. 
Pucca buildings were cracked and some were badly damaged. 
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United Provinces. 

Gorakhpur district. 

Deoria, 

Naih Tahsildar. — Three distinct shocks accompanied by a rumbling noiisc 
Hanging objects swung north-south. Upper stories of some buildings came down 
A small railway bridge near Salimpur and also the Tartipar bridge were dama g'd 
the railway line near Nunkhar sank. The ground cracked in several places at 
Majhauli, where the Raj palace was seriously damaged. 

E, N, Moitra, Head Master^ King Edward Government High School, — One con. 
tinuous shock accompanied by a rumbling noise like that of a huge tractor or sUnm 
roller passing N. E. — S. W. The school building sustained a few small cracks. 

Tahsil Deoria, 

Station Master, — One shock accompanied by a rumbling noise. Doors and 
windows rattled and some objects were thrown down. The front portion of the 
verandah of the railway station was damaged. Some tiles fell. Several liousc.s 
wxro cracked. Another observer from the same places stated that a few fissuixs 
striking north-south ejected water and black sand. 

Bhatni. 

Station Master.^^vfo separate shocks preceded by a rumbling noise, as of a 
high wind or an aeroplane. Doors and windows rattled, hanging objects swung, 
loose objects were thrown down and several houses were damaged. 

General, — Reports from other villages in the eastern and south-eastern ixulion.s 
of Gorakhpxir district show that the shock felt there was sufficiently strong us to 
include the area in isoseismal VII. 

■ 1* 

Hata, 

Tahsildar. — ^Movement oast — west. WaUs of several buildings wore tTaekcd. 
Three children were killed by the fall of walls in different villages in the iahsiL 
Several fissures were formed parallel to the river Gandak. The width of the fissuits 
was from one to two feet and sand and water were discharged from them. 

Azamgarh district. 

General (Azamgarh district),— Tha shock appeared to have been widely felt over 
this district. Some people felt one continuous shock, others several. A rnmblijig 
noise preceded the shock and lasted throughout it. Most people agreed that die 
shock was felt in two directions namely, east- west and north-south, some obscrv 
were of the opinion that the shock travelled N. E. — S. W. A number of oM 
buildings collapsed and pucca houses were damaged by partial collapse au 
cracking of the walls. The eastern part of the district near the Gogra river was 
the worst affected. In Ghosi tahsil cracking was general and severe, and our 
persons and some cattle were killed. 
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Maharajganj. 

SiddigU' Alu—Onoi shock accompanied by a sound resembling that of a motor 
car. 'Doora and windows rattled, hanging objects swung east-west. Observer’s 
scat moved. A few double storey houses were cracked. 

Azamgarh. 

K. P- Ghowdhury, Medical Officer. — The south-west corner of the Sadar 
Hospital including the entire verandah on the south and two rooms were badly 
cracked and partially destroyed. 

Abdul Hussain^ George High School. — One continuous shock preceded by a 
ruiiihling noise. Hanging objects swung north-south. Loose objects were thrown 
Houthvards. Roofs and walls of many houses were cracked and some of them 
collapsed. Pucca buildings and old mud huts were affected the most. 

Thukur Bansh Eaj Singh. — He felt four shocks, Ixfforo and during wliich a rumbl- 
ing noise like that of an aeroplane was heard. Hanging objects swung west-east. 
Observer’s seat moved towards the east ; loose objects were thrown towards the 
8ouih-east. Of the various buildings that were damaged, their eastern portions 
and the east- west walls were the worst affected. 

Y, Thiyuplus . — According to this observer walls aligned cast-west and facing 
citLor north or south were more liable to be cracked than others. The shock was 
such that the objects were shaken in all directions but the main effects were north 
and south. 

Ghosi. 

Naih Tahsildar. — One shock accompanied by a rumbhng noise. Walls of build- 
ingH were cracked and some old houses collapsed, killing three persons and two 
cattle. Hanging objects swung east-west. 

Mau. 

T. E. Paul.->^A^- rumbling noise like that of an aeroplane was heard before the 
shockj Doors and windows rattled, hanging objects swung and some loose objects 
fell. The police station building and many houses in the town were damaged badly 
and some collapsed. 

Jaunpur district. 

Jaunpur. 

Magistrate and Collector^ Jaunpur district. — He felt one shock. A vase on a 
book case fell down. Several cracks appeared in his bungalow and a dozen bricks 
vere dislodged from an arch of the verandah. 

Wahid Ahjy Tahsildar, Sadar. — He felt three shocks and heard a rumbling 
noise before and during the shocks, the direction of which was east-west. Bottles 
on an almirah fell both east and west. Walls of two and thrcc-storey buildings 
''vero cracked, 

i?. K. Varma. — ^Heard a rumbling sound like that of an aeroplane. Hanging 

objects swung N.E S.W, Loose objects fell either north-east or south-west. 

Cracks occurred in buildings some of which had to be demolished. The shook 
lofited about 180 seconds. 

U 2 
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Machhlishar, 

Tahsildar, — Felt half a dozen shocks. A sound resembling that of a 
car preceded the tremor. The replies to the questionnaire are in conforniity 
isoseismal VII. 

Head Master^ Middle iScJiool. — Several shocks, accompanied by a sound liko that 
of an aeroplane. Doors and windows rattled, hanging objects swung 
Loose objects were thrown down either oast or west and a number of buildings were 
damaged. 

Mariabu. 

Tahsildar and M a (jistral€.--~lL\\o separate shocks, preceded by a niru})ling n(,is„ 
Two very old small houses in the bazar collapsed and the walls of a godown wrjv 
cracked. Other buildings were slightly affected. 

Partabgarh district. 

Partabgarh. 

Rai Bahadur S, B. Misra^ Special Magistrate. — One continuous shock (or isii 
seconds, accompanied at first by a sound like the rattle of a lorry which changed to 
a sound like that of a railway train. Doors, windows, almirahs, vie., rattl(Ml, 
clothes hanging on pegs swung and clocks stopped. Direction of the shock was 
east- west. Brass idols and images on shelves fell down towards the east. W;ilh 
and roofs were cracked and kutcha walls and minarets of mos({ues fell dowi;. 

Ghazipur district. 

Ghazipur, 

M. B. Dikshit, Magistrate and Collector, Qhazipnr district.- fedt t wo sliocks. 
one lasting about 30 seconds and the other, severer than the first, for 17fi s(‘( ()n(ls. 
A sound like that of an aeroplane was heard before the shock. Hanging object^ 
swung towards the south-east. Many walls were cracked and portion of an olii 
house collajwsed. 

Khaji Bahadur AsaJ Zaman, Deputy Collector. — The verandah of a neigh lx 'Ui in,:: 
house totally collapsed. 

</. P. Sharma, Deputy Collector. — Three shocks preceded by a rumbling uoisr like 
that of a train. Walls of some buildings were cracked. 

Tarighdt. 

Mohammad Zahoor. — Unusual sound like that of a motor (;ar was jn'fud. 
station building, goods shed, waiting room, etc., were slightly cracked. 

Ballta district. 

Ballia. 

Headmaster, Government High School. — One continuous shock preceded (e 
rumbling sound like that of thunder at a distance. The shock was feeble at Hrst 
but became violent afterwards. Hanging objects swung east-west. Walla of oil 
buildings were cracked and a few collapsed. 

Mathura Prosad, Assistant Sub-Inspector of Police. — Objects were thro^^n 
towards the south. Some walls were cracked and the corners of the wallj 
thrown out. 
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OenBToi {BoUid town). In this town sonio people felt one continuous shook and 
Home three or four shocks. A rumbling noise like that of an aeroplane was heard 
l)cfote and during the shock. Doors and windows rattled, hanging objects swung 
east- west as well as north-south. Loose objects were thrown east, west and south. 

of many buildings were cracked and a few houses collapsed, A chimney 
was thrown south. 

Mirzapur district. 

Belwadah ( 24 ° 11 ' : 82 ° 56 '). 

C, F. Wood, L C. — One long continuous shock working up to a maximum and 
then dying away. A loud rumbling like that of a motor lorry was heard. Slight 
(•nicks were caused in various Forest bungalows and other buildings. 

Pipri ( 24 ° 11 ' : 83 ° 00 '). 

R. S. Bansad, E, A, C,, Forests . — Three distinct shocks of which the second was 
most severe, and was accompanied by a rattling noise. Loose objects were seen 
U) jump. Two walls of the Muirpur Rest House opened out at the joints and the tiled 
roof of a building at Kushalnagar had the tiles dislodged and they fell down, 

WyndJmmgunj ( 24 ° 15 ' : 83 ° 23 '). 

//. IK. Tfisiram . — One continuous east-west shock of varying intensity was 
accompanied by a sound resembling that of an aeroplane. Loose objects were 
throwTi down and walls of buildings were cracked. All the tiles were shaken oft’ 
the roof of his bungalow. 


Bihar. 

Champauan district. 

Ramnagar. 

M. P. iSiwAa.— Duration 180 seconds. Many shocks were felt and a noise like 
that of a motor underground was heard. Hanging objects swung east-west. 
Walls of buildings wc^re cracked. 

Sara n district. 

Siwan, 

Rai Sahib B. Singh, Suhdivisional Officer, Siivan.—Re felt several severe shocks 
travelling N. W. — S. E. Duration 180 seconds. Objects fell either south or east. 
li.HHures formed in the ground and many wells were choked with sand. Both 
pucca and kuicha-pucca structures were affected. At first he felt as if some one had 
pushed the <ihair on which he was sitting and later felt the trembling. The shock 
''as strongest in the middki and he felt a swaying sensation as on a country boat. 
It was preceded by a sound like that of a motor car. 

Shahabad district. 

The damage at Sasaram and Dehri-on-Son has been described in Chapter 

xxir. 
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Buxar. 

B, L, Naraaimhamy S,D,0.y Buxar. — One continuous shock lastmg 180-240 
seconds. Hanging objects swung north-south. A number of pucca and somi 
pucca buildings were affected. 

Buxar-Gajadharganj. 

H, E, Beal, — His house moved backwards and forwards like a weaver’s shuttle 
in a N. E. — S. W. direction. He saw the cat run out of the house and it looked as 
if it was dancing on hot bricks. His house developed several shallow cracks. 

Arrah. 

li. A. E. Williams, Collector, Arrah, — Duration 180 seconds. One shock durincr 
which a rumbling noise as of a fast train was heard. Doors and windows rattled, 
loose objects fell down, his seat moved and walls of buildings were cracked. 
Several houses collapsed. 

Ram Eahsha Prasad, Deputy Collector. — Duration 210 seconds. One .sliock 
was felt. Movement was east-west, and up and down. Hanging objects swimi^ 
west-east. Objects fell south as well as east. Bricks from roof copings fell to the 
cast as well as to the north. 


Bhabua. 

M. Z. Khan, S.D.O., Bhabua. — Felt one shock for 180 seconds. Before and 
during the shock a rumbling sound as of an aeroplane was heard. Loose objocts 
wore thrown down and a number of buildings were cracked at Bhabua. In the 
subdivision about 400 buildings were cracked and some 190 collapsed. 

Palamau district. 

General. — A small portion of the extreme north of this district falls within 
isoseismal VII. According to J. P. Sinha, Sub-Inspector of Police, the shock lasted 
.300 seconds at Untari, where almost all the walls and arches of purm buildings 
were cracked. At Husainabad, according to S. W. Ahmad, Assistant Sub-Inspectof 
of Police, buildings rocked like cradles and were cracked ; hero the shock is stated 
to have lasted 120 seconds. In both places a sound was heard. The Sub- Inspector 
of Police at Hariharganj thought that tho shock was strongest in the middle when 
two pillars of the main thana and the thatched roof fell down. 

Gaya district. 

Sone East Bank. 

R. M. Watson. — A continuous swing for 300 seconds in a north-south direction. 
Doors rattled. Hanging objects swung. Loose objects were thrown down and lus 
seat moved. Some buildings facing north and south were damaged by tho roof 
moving backwards and forwards on the walls. 

Nawada. 

P. S: Prasad, Sub-Deputy Collector. — One continuous shock for 300 seconds. 
The swing was elliptical with major axis north-south. Duration of ground move 
ment mostly north-south but sometimes east-west. Tiles from roof fed ® 
north or south. East- west walls were worse cracked than north-south ones, crac s 
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in river bed ran parallel to the banks of a dned up river running east- west and 
poured out water. Two or three storey pucca buildings were more affecjted than 
mud huts and light structures. 

Monghyr district. 

Jamui. 

Inspector of Police . — ^Duration 180 seconds. Ground movement N.W.—S.E. 
Objects fell in all directions. Pucca buildings were mostly affected by cracks. 

V. BiawaSy Overseer . — One shock lasting about 150 seconds. Loose objects 
fell eastwards. Near the village of Kudhar fissures in the bed of the river were 
aligned N.W. — S.E. and were two inches wide. 

Bhagalpur district. 

Banka. 

S, 0. Jilani, Subdivisional Officer, Banka . — He was camping at Baunsi a few miles 
north-east of Banka and first felt a trembling, which was immediately followed by 
a tremendous noise like that of a fast moving train, about the same time a vigorous 
side to side movement ensued. The total duration of the earthquake was 150 
seconds. His camp cot on which ho was at the time lying moved. Almost all the 
jmcca buildings in the subdivision were cracked. Some houses collapsed and three 
children were killed and several persons injured as a result. At places the ground 
cracked a little and ejected water and mud for a while. 

P, K. Boy, Manager, Central Co-operative Union . — An up and down movement 
followed immediately by a to and fro movement. Total duration 180 seconds, 
A rumbling noise like thunder at a distance was heard 15 seconds before the shock. 
It came from north-west and passed off south-east, ending with the shock. One of 
the walls of his house cracked and gaped wide, throwing plaster. During the second 
movement the gaps closed and opened, 

11. Prasad, Assistant Surgeon . — First shock up and down for 15 seconds, a second 
shock, having a sideways motion, immediately followed and lasted 225 seconds. 
Sound resembling that of a heavy lorry running fast on a hollow road was heard 
before and during the shocks. Some buildings partially collapsed ,* water and mud 
came out of fissures in places. 

N. Das Gupta, Sub-Deputy Magistrate . — ^An up and down movement followed by 
a north-south movement. The main shock lasted 180 seconds and tremors about 60 
seconds. Plaster and masonry work on walls and turrets fell in many houses. A 
rafter running east-west was found to have completely turned upside down but 
fixed in its orignal position on the ceiling between the beams. Many pucca and 
%emi’p}icca brick houses with heavy roofs were badly affected but mud huts 
W'cre mostly unaffected. 


Santal Parganas. 

Sarath. 

M. Hague, Offi^cer in Charge, SarcUh Police Station . — Duration 150 seconds. 
One shock accompanied by a rumbUng noise underground like that of an aeroplane* 
The shook was strong enough to make doors and windows rattle. Walls of pucca 
houses, the local mosque and the school building were cracked. 
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Rajmahal. 

Maulavi 8. K. Ahsan, Deputy if Three slight tremors in quick 
succession preceded the main shock. Duration 260-300 seconds. Sound like 
that of a motor car or aeroplane flying at a distance was heard from the west and 
passing east during the shock. He felt as if hi6 chair was being raised by sonic 
one below it. Ground movement east-west. A “ peepul tree swayed east^vcst. 
Photo frames fell from the wall, buildings eiwayed and cracked. Officers* q\iarlci.s, 
Dak bungalow. Sub- Jail and the local mosque were more or less affected, 

Godda. 

A. Prasud, S.D.O., Qodda , — Severe shock for 120 seconds and slight trcniov 
thereafter for another 120 seconds. Sound as of an aeroplane or heavy car or stomi 
approaching was heard just before the shock. Almost all the buildings were men* 
or less cracked and a few old kutcha buddings collapsed in the villages. 

General {Qodda Subdivision ). — Reports from various places in the subdivision 
show that the shock was fairly strong and was preceded by rumblings which lasted 
throughout the quake. A widespread cracking of buildings took place and izi many 
cases houses and walls collapsed. One man was reported to have been kilh d at 
Mahagama. 

Bengal. 

Bxkbiium district. 

Rampur Hat. 

R, S, Krishnuswamy, Suhdivisional Officer ^ — A roaring sound resembling tiiHt 
of an aeroplane was heard before and during the shock. Doors and wimhjws 
rattled, hanging objects swung north — south, loose objects were tlnovMi 
southwards. A few pucca buildings were damaged. 

Dinajpur district. 

Thakurgaon, 

D. N. Saha, Suhdivisional 0£icer . — A rumbling sound like that of a train at a 
distance was heard before, during and after the shock. Doors and windows liittled, 
hanging objects swmng, the observer’s seat moved and loose objects were tlinavn 
down. Walls of buildings were cracked. 

0. N. Mukerjee, Sub Postmaster , — One shock beginning with a sound like that 
of * rolling of the clouds Hanging objects swung N. W.— S. E. Several buiKlings 
were cracked. 


Jalpaiguri district. 

Jalpaiguri, 

A* N, Ohakraburty, Meteorological Observer , — Two distinct shocks preceded h} 
a rumbling noise as of an aeroplane. Doors and windows rattled, hanging objects 
swung and loose objects were thrown down. Some of the buildings were badly 
cracked but none collapsed. Arched roof cracked in places and bricks fell down. 
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Darjeeling district. 

Hathighisa. 

Manager, Atal Tea Rapid oontinuoua oscillation in increasing intensity. 

The replies to questionnaire are in conformity with isoseismal VII. 

Bagdogra. 

Manager, Bagdogra Tea Edate.—One severe and one slight shock. The shock 
was strong enough to crack the walla of buildings and to cause gn^ator damage. 

Sukna. 

S, D. Chatterjee, Sukna Tea Estate,— Three shocks preceded by a sound like 
that of a motor car, and wliich lasted to the end. Hanging objects swung and loose 
objects fell. Senii-p?^cca biick walls were cracked. Fissures in the ground were 
six inches wide. 

Phagu, 

Minuigcr, Mission Hill Tea Esiaie . — Two shocks, doors and windows rattled 
and banging objects swung. Factory walls of'stone cnicktul and fell down. 

Teesta Bridge Bazar, 

J, S. Lfirna . — A rumbling noise like that of an aeroplane preceded the shock. 
Kveryhody felt the shock which caused doors and windows fo rattle and cracked 
the walls of many houses, some of whi(di were damaged rather badly. Fissures 
half an inch wide were aligned north-south. The rivtjr swelled about nine inches 
from the normal level. 


Kalimpong. 

N, Hose . — One shock with a slight rumbling noise. Doors and windows rattled, 
hanging objects swung and the observer’s scat moved. Many walls were slightly 
cracked and a few badly damaged. 

W. A, S. Lev?is, Suhdivisimial Officer . — Ho was at Thode Khas Mahal Block 
(27"^ 07" : 88^ 49') and felt one continuous shock. A rumbling noise was beard and 
was intensified by fall of rocks and earth down tlu^ prcci[>ices. He felt it difficult 
to stand without support. Landslides occurred. One semi-p?/cc/^ mini and stone 
huilding was slightly cracked. 


It, H. Prosad, 
walls of houses. 


Kharndimg. 

"One strong shock for 120 seconds. 

Sikkim. 


Slight cracks occurred in the 


Pawlam, Rangpo P. 0, 

A . Pradhan, — Two or three strong shocks for 240 seconds. Loud reports like 
bose of cannon shot were heard two or three days before and one just before the 
^<kock. People ran out of their houses, doors and windows rattled, and loose 
JWs fell down. Practically all walls made of stone and mud were cracked. 
Wo storey buildings were badly damaged and some of them bad to be pulled 
bwn. At some places the ground was fissured. 



m 


BOAB-NUPAL-^ARtBqUAKE OV 1034 . 


Khenok. 

Bat Bahadur T. D. 8, Pradhan , — One shock for 166 seconds. Doors and windows 
rattled, hanging objects swung, the observer’s seat moved and loose objects were 
thrown down. Walls of buildings were cracked and the flow of water in manv 
springs increased after the shock, ^ 

Namgong Elaka, Rinchenpung P. 0. 

A. L. D, Lama , — Several shocks for about 300 seconds. Sound like an explosion 
was heard in the distant hills to the south-west after the shock. Walls of many 
buildings were cracked and six dwelling houses of jmcca walls were totally destroyed 

Song^ Singtam P. 0. 

SoTig Kazi , — Three shocks for 180 seconds, preceded by a sound like that of an 
explosion caused by dynamite. Doors rattled, loose objects were thrown and the 
observer’s seat moved. Stone walls of several houses were cracked and three or 
four houses partially collapsed. 


Pahhyong, 

0, Singh . — ^Three shocks for 120 seconds, preceded by a rumbling noise Jiko 
that of a motor car. Doors and windows rattled, hanging objects swung and ail 
the bottles in an almirah fell down. Most of the stone walls of houses were cracked. 


Oangtoh. 

Assistant Engineer^ P. W. D . — One heavy shock for about 180 seconds at about 
2*26 p. m. followed by numerous slight shocks. Doors and windows rattled and 
ceiling and flooring heavily cracked. Hanging objects swung and crockery lying 
on shelves in the store godown and in certain Dak bungalows in Sikkim drop]>c(l 
and broke into pieces. Crs-cks, some superficial and some serious, appeared in 
the walls of almost all the stone masonry buildings and Dak bungalows in 
Sikkim. Walls of many buildings in Gangtok cracked heavily. The walla bulged 
in some cases and some of them had to be pulled down. The Dak bungalows 
at Namchi and Dentam with out-houses collapsed to the plinth. Two of the 
chimneys of the Residency building and a portion of the walls of its houses, of the 
S. T. N. High School and the Palace collapsed. 

Samdong, 

Bat Bahadur Lobzang Ghhoden . — Reporting from Lingmo, in the Tecsta valley 
near Samdong bridge, he stated that he felt three shocks for about 180 seconds. 
Rattling sounds were heard of stones falling, with a landslip on the left hank of the 
river. I^oose objects fell and many houses were cracked. Three or four small 
buildings collapsed, as also the Mani lAakhang temple at Lingmo. In some p ace 
the ground was fissured. 

Turuk. 

MoU Chemd Prattun.— Several shocks for 180 seconds, but the main shock 
was felt for ten seconds. The replies are in conformity to isoseisraal VII; 
at several places oiaoks formed in the ground. 
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Ringan. 

Margaret L* Doig . — Several shocks. The preliminary tremors were followed 
hv severe ones and shook the Mission House violently. A large part of the front 
^11 of the upper storey collapsed outwards. A sound as of muffled thunder was 
heard continually and it receded and seemed to roll away northwards up the Talung 
valley. All the walls of the Mission House were cracked but no glass panes were 

damaged. 

Tibet. 

Yaiung, 

Suh- Assistant Surgeon and Meteorological Observer . — ^The observer was indoors 
talking to a friend when he felt several violent tremors at 2*18 p.m. Doors 
and windows rattled, hanging objects swung and some loose objects were thrown 
down. His seat was pushed. Walls of three buildings collapsed and several walls 
- were cracked. 



CHAPTER XXV. 


ISOSpSMAL VI, 

Within this iaoseismal a large number of small places suffered less severtj 
damage, the intensity of which would correspond to V (G. S. I. Scale). Lack of 
space, however, prevents enumeration of these places. 

United Provinces. 

Muttra district, 

MiUtra, 

Brahradutta^ Tahsilda/r . — Two shocks were felt. According to this observer 
the shock in Muttra district wa^ continuous and sufficiently strong to disturb a 
jxirson at rest. A rttmbling noise was heard before and during the shook. Doors 
and windows rattled, hanging objects swung north-south, but nothing was thrown 
down. Walls of buildings were slightly cracked. 

H, (J, Agarwal, S.D,0,, PAV.D,, Muttra, — One shock which lasted about 120 
seconds and was f)rcccded by a rumbling hoise. Doors and windows rattk^i, haui'. 
ing ubj(H.ts swung and the observer’s seat mov^d. 

Aligarh district. 

Aligarh, 

M. J, Kh/iUy Physics Department, Muslim University, — IVo shocks felt by 
sons at rest. Doors, windows and loose objects rattled and hanging objects swuuv. 
Some loose objects fell down and a few old walls were cracked. 

Etah district. 

Etah. 

The Colle/^tor, Etah dist, — One continuous shoclj . with imperceptible breaks. 
Doors, windows, etc., rattled. Hanging objects swung east-'WJeft. Slux^k was strong 
enough to shake a pucca building. 

Shahjahanpur district. 

Shahjahanpur, 

B. Husamkha, Chairman, Municipal Board, — He felt throe shocks. Dooi’h 
and windows rattled and hanging objects swung north- south. 

Superintendent of Manufacture, — The main shock lasted about 45 seconds anu 
was succeeded by slight quivers for 120 seconds. Hanging objects swung east 
west and several silver cups fell off the mantelpiece. Walls of some buildings were 
cracked, 

Eup Chandra, Munsiff, — He felt two shocks. Hanging objects swung east- 
west. Some loose objects fell. Doors and windows rattled. 

( 290 ) 
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Exemtive Officer, Municipal Board.—Three heavy and two slight shocks for 270 
seconds. by every one. Hanging objects swung east-west. Walls of some 

buildings were cracked. 

Rosa. 

p. Annellf JR.S.h Rosa^ R.I.R. — Oite shook aooompaniod by a rumbling 
noise like that of a heavy train. Doors and windows rattUud and banging objects 
swung. Shed building and flood-light pillars swayed from side to side. 

Kheri district. 

Kheri. 

Kheri, general*— At Kheri some people felt a north-south rnovc^ment and som(‘ 
an ( ast-west. Most people reported that hangijig objects swung north-south and 
](K>so objectB fell northwards. One observer reported some six or seven shocks 
and a very feeble sound was heard after the main sho(5k. Some ixioplc felt an up 
and down movement. 

S. A* Hassain * — He felt one shock whwdi was preceded by a sound like that of 
a motor car. Hanging objects swung east-west. Some of the buildings wore 
slightly cracked. 

Agra dih'irici'. 

Affra. 

M. //. Kuraishiy Bnperiniendhit,^ Arch'eologlval Surrey of InAin, h‘w «dd 
buildings were cracked. 

(J. W* fjacepi, ExecMtwe Engineer. — He felt two separak‘ shocks^ tlie s(Hu>tid one 
l)eing of shorter duration (Ii)-15 seconds) and occurring bO seconds after 
tile first shock. Doors and windows rattled^ hanging objects moved and the shocks 
were felt by most people. 

B. K. Mnherji, Income Tax Oj^cer. — He felt two shocks for about tfniH^ siH'onds, 
Ceiling fans swung east-west. 

iSuperintendent, Taj and other Oovt. gardens. -Hi; felt one shock which was felt 
by persons at rest. Hanging objects swung aiul doors and windows rattled. 

,, ' ' Firozahad, 

M. t^inghy ExecMiive Officer, Municipal Board *~A{.o felt two shocks which were 
preceded by a humming sound. The shocks w^ere felt by iHU’sons at riist. 

Tuiidla. 

Railmiy Staff, E.I.R. — Duration of the shock 2(M) s(;conds, Dooi's and w iiclows 
rattled, electric lights were swinging and some loo.se ol)jfs;('S were thrown down. 
Several railway bungalows were cracked. 

MaTNPURI JITSTRICT. 

Mainpuri. 

Bariharlal Bhargam. ^-A rumbling sound was heard <luring the shock. Doors 
a-ud windows rattled and hanging objects swung oast- west. 
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Faerukhabad distriot. 

Farmhhahad. 

G. L. Wallace, District Magistrate. — Violent tremors for 90 seconds with side to 
side motion were followed by up and down motion. A dull rumbling noise like 
that of a train approaching a station preceded the tremors. Doors and windows 
rattled, hanging objects swung and the Observer’® seat moved. 

Tahsildar, 8adar. — He felt one continuous shock, before which a rumbling noise 
like that caused by an aeroplane was heard. Walls of some buildings were cracked 

FateJigarh. 

Lt.-CoL F. U- Cosent, 1017th Rajput Regiment. — One shock lasting about tX) 
seconds, accempanied by a slight rumbling noise. Doors of his bungalow rattled 
violently, the thittohed ropf cracked and some plaster fell from the cornice. Th(^ 
observer noticed waves passing under his feet in the compquhd and across the 
thatched roof of the bungalow^ The direction of movement was west-east. 

O. A. Dhawaley and B. B. P. Bingh, Deputy Magistrates. — One shock preceded 
by a sound like that of a motor car. Doors and windows rattled, hanging objects 
swung and their seats moved. 

M. M. Seth, Headmaster, Oovt. High School. — Two shocks. A rumbling noise 
like that of a motor car was heard. Doors rattled, hanging objects swung, his seat 
moved, and a time-piece was thrown down towards the south. A tall palm tree 
in the compound swayed north-south. 

Kanauj, 

B. Mitra Narain, Secretary, Municipal Board. — One preliminary shock for (iO 
seconds followed, after an interval of five seconds, by the main shock which lasted 
120 seconds. Some mild rumbling noise was heard after the first shock and tlie 
sound resembled that of an aeroplane. Doors and windows rattled, hanging ol)* 
jects swung and his seat moved. One or two old walls wore slightly cracked. 

Hardoi district. 

Shahabad. 

Munsif, Shahabad. — He felt three shocks of which the first was mild and the 
two others appreciably severe. Loose objects rattled, as also doors and windows. 
Hanging objects swung east- west. Some buildings were cracked. 

Hardoi. 

Assistant Prosecuting Inspector. — Ho felt three shocks. Hanging objects swung 
oast- west. Objects fell either east or west. 

R. G. Good, A.S.W., B.I.R. — Three shocks. Doors and windows rattled, hang- 
ing objects swung, his seat moved. Some buildings in the city sustained minor 
damage, 

Bilgram. 

Tahaildar. — ^A few walls of some buildings were cracked. 

Eta W AH DISTRICT. 

Etawah. 

W. W. Finlay, Collector. — He felt a series of tremors, which caused trees to 
shake in an east-west direction. The tremors lasted about 120-180 seconds* 
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5. N. SakaeM, Nmb Tai^Udar.— One continuous shock. Doors and windows 
attW. buildings wore cracked. 

Cawnpore district. 

Cawnpore, 

Deputy Superintendent of Telegraphs.— Tv^o continuous shocks for 240 seconds. 
An unusual sound was heard before and during the shock. Doors and windows 
rattled, hanging objects swung, his seat moved and loose objects were thrown down. 
Some houses cracked and collapsed. Mosque pillars were cracked. 

City Tahsildar . — One continuous shock accompanied by a rumbling noise. 
Hanging objects swung N.W. — S.E. A few houses fell. 

Tahsildar. --Thtee shocks preceded by a rumbling noise which continued till 
the end. Hanging objects swung north-south. Some walls were cracked. 

Svh-Overieer of Unao. — He was at Cawnpore at the time of the earthquake and 
felt three shocks. A sound like that of a railway train was hhard during the shocks. 
Hanging objects swung north-south. Trunks fell dovm in a shop and several build- 
ings collapsed. 

Jalaun district. 

Kalpi. 

Tahsildar* — One shock accompanied by a rumbling noise like that of an aero- 
plane. Walls and roofs of some buildings were cracked. The peak (dome?) of 
the Lanka Tower of Kalpi fell down. 

Orai. 

Tahsildar. — ^Ono shock preceded by an unusUal noise like that of an aeroplane 
and which lasted till the end. Hanging objects swung N.E. — S. W. Three mud 
huts collapsed and walls of a few old and lofty buildings were cracked. 

Jhansi district. 

Jliansi. 

The Collector, Jhansi dist. — He felt one shock but heard no noise. Doors and 
windows rattled and slight cracks appeared in some of the buildings. 

S. Temple. — Two shocks with an interval of 30 seconds. Total duration 120 
seconds. During tBe shock a rumbling noise like that of a train or very heavy 
vehicle passing was heard. Doors and windows rattled, hanging objects swung 
and the bamboo sunshades of the verandah vibrated violently up and down. 

Another observer from Jhansi felt one continuous shock getting worse and then 
subsiding. Duration 180 seconds. A continuous rumbling noise was heard. 

Hamirpur district. 

Mahoba. 

Executive Engineer, Ken Canal Division. — One shock preceded by a rumbling 
sound like that of a moving train. Some buildings had slight surface cracks. 

Tahsildar. shocks at an interval of 90 seconds. At the time of the second 
shock a sotui^ like that of a motor engine at distance W'as heard. Walls of a num- 
of houses in the town were cracked. 
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L. Singh . — ^A continuous shock for 210 seconds, accompanied by a droning soi 
as of an aeroplane. Hanging objects swung north-south. 

Ifamirpur. 

Naib Tahsildar , — Duration 180 seconds. One continuous but not very niro 
shock was felt during which a rumbling noise like that of a motor car or an aeroplane 
was heard. Doors and windows rattled, hanging objects swung, loose objorts were 
thrown clown and the observer’s seat moved. Tiles from roofs of houses were 
thrown down and walls of buildings were cracked to a alight extent. 


Mandaha. 

Naib TahsiMar . — Walls of many buildings wen^ cracked. 

" 81TAPUR DISTRICT. 

Sitapur. 

Naib Tahfiildar . — Four shocks were felt. Doors and window, s rattled and 
hanging objects swung cast-west. Some loose obje(d-s wei-e thrown down. 

LiK^KNOW J>rSTRlCT. 

Lvrknow. 

Hidiop of Lnrknow.—lh^. felt one continuous shock ov(‘r iSd seconds. ))oer>j 
aud windows rattled and pietun^s fell at all angles. Walls of some buildings v\('n> 
cracked. R^ofs of two (|uart(>rs in Allahabad Fort fell in and tlie cross fell fn»m 
the spire of the Holy Trinity Church. 

M. Victor,— Ho felt a strong shock which lasted over 120 S('cojids and was af - 
comyianied by a rumbling noise. Many objects in the four-storey house were thrown 
down and all the doors and windows rattled. The building swayed in a north- 
south direction along its length and portions of the building were cracked. 

^1. S. Athar AH Shah, Naib TahsUdnr . — Three or four shocks accompanifni hy a 
rumbling noise. Doors and windows rattled, hanging objects swumg and loo^ 
objects were thrown down. Walls of some buildings were cracked. 

S. K. Mendis, Signal Workshop^ fU. I. R . — One Hlio(;k accompanied by a sound 
as if oil were boiling. Doons and window.s rattled and his .seat nuwed. iSoino 
buildings were cracked. 


JBaRABANKJ DISTRiOT. 

Falehpur, 

Naib Tahmldar. — Three shocks of which the middle one was the stroiigosi. 
A humming noise like that of an fieroplane was heard during the shock, flang- 
ing objects swung north-south and loose objects were thrown down towards Ihf; 
north. 

Navjabganj. 

Daya Shankar, Tahsildar, Sadar . — One shock, accompanied by a rumbling noise 
like that of a motor car. The shock was felt both up and down and sidewa}?. 
Loose objects were thrown down from west to east. Walls of building were cracke 
and tiles thrown off. 
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Haidargarh, 

objects swung north-south and loose objoots wore thrown 
.southwards.' One shook was felt during which a rumbling noise like that of an 
aeroplane was heard. Walls of some buildings were cracked. 

Unao district. 

TJnao. 

Vice Chairman, Municipal Board. — Three shocks lasting about 180 seconds. 
\ rumbling noise like that of a railway train was heard before and during the slioek. 
Doors and windows rattled, hanging objects swung north-south. The observer’s seat 
wiiH moved and loose objects were throAvn towards the north. Walls of several 
h(»nsrs and domes of several temples and mosques either fell or were cracked. 

Execuiive. Engineer's Office Staff. — A rumbling sound like that of a motor car 
in motion was hoard. The shock was fairly strong. Old cracks opened and were 
widcjicd. 

Headmaster, Government High School. — Hanging objects swung east-west and 
w.dls of buildings w'cre slightly cracked. 

A. N, Vyas . — A strong shock accompanied by a sound like that of a motor car 
('(uning from the north-west, 

P, S. Varma, Medical Officer, Dist. Hospital , — One shock for 180 seconds dur- 
ing wliich a sound like that of a rail'W'ay train was heard. The observer’s seat 
in()V(‘d towards the east. Several buildings Averc cracked. 

Rae Bareli district. 

Bae Bareli. 

Civil Surgeon. — Felt three big shocks and five tremors before and after the 
niabi shocks which lasted about 200 seconds. A rumbling noise like that of an 
at n^plane was heard Ix'fore the shoek. The shock was strong enough to (‘rack 
the walls of buildings. 

//. !). Ghoshj Headmaster, Government Hp/h School. — Two shocks lasting about 
s<^^()u(ls. Loose objects, d(K>rs and windows rattled. Water in a pool vsliook 
in a N. E. -S. W. direction. Cracks appeared on the arches over several doors of 
building. 

Diitrict and Sessio 7 is Jiuige. — Tavo shocks of great intensity. Sounds resemb- 
bitg that of an aeroplane preceded the shock. Walls of several buildings and roof 
u re Iks were cracked. 

ylniir Chand, District Board Engineer. — About four (^r fi\'e shocks. An un- 
sound like that of a “ grinding mill ” was heard. Doors and windows 
^'diled, hanging objects swung east-west. Some Avails were slightly cracked. 
Kali Prosad, Headmaster, Hindu High School.— heard a rumbling noise 
felt an east-west movement. 

S. Hussain, Deputy Collector , — One continuous shock during wliieli a sound 
usembling that of a goods train Avas heard. Doors and windoAvs rattled. Both 
pucm walls were cracked and some fell. 

Upadhyaya, Headmaster, Kisan .SVimoL-™Thr(?e shocks of wliich the moond 
the strongest. Hanging objects first swung west-east and then north-south, 
tumbling noise was heard before and during the shock. 
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P. D. Pandy. — ^T^ree shockB preceded by a rumbling noise. Hanging objects 
swung east-west. East and west walls were cracked. 

Adwatjmr. 

J. N. Miira, 8,D*0., P.W.D., Unao District Sadar Canal.-— SLe was at Adwatpur 
I. H. and felt one continuous shock, the intensity lessening for an interval during itg 
duration. A motor car rooked to and fro in a north-south direction. Doors and 
windows rattled violently. The floor of the verandah, made of stone slabs 
quivered violently. 

Fathepur district. 

Fatehpur. 

M, Hussain. — rumbling noise like that of an aeroplane was heard. Doors 
and windows rattled, hanging objects swung and his seat moved. Walls of a few 
large buildings like that of the kutchery were cracked slightly. 

Permanent Way Inspector ^ EJ.R. — One continuous shock. Loose objects were 
thrown down and some buildings sustained hairbreadth cracks. 

Banda district. 

Banda. 

Chairman^ Municipal Board. — ^Two shocks were felt during which sounds like 
that of an aeroplane were heard. Doors and windows rattled. Some cra{iks occ- 
urred over the arches of the Jumma Mosque. 

Tdhsildar. — Three shocks accompanied by a rumbling noise like that of a rail- 
way train. Portions of some buildings collapsed and many buildings were cracked. 

Divisional Forest Officer. — One shock preceded by a rumbling noise like that 
of an aeroplane. Doors and windows rattled and hanging objects swung east-woHt. 
Small loose objects were thrown down. Plaster fell from joints of walls and ( fil- 
ings. 

LaJcshmi Ghand, Assistant Engineer^ P.W.D. — One strong but continuous shock 
for over 180 seconds. Some loose tiles fell off the roof and walls of some buiMings 
were very slightly cracked. 


Oaurihar. 

Overseer f P.W.D. — One heavy and two light shocks. Sounds like a motor rim- 
ing at a distance were heard before and during the shocks. Tiles fell from tlie rv^of. 
Hanging objects swung north-south. The Jagir Jail was cracked. 

Manikpur. 

P. W. Inspector, O.I.P.R. — One continuous shock for 120 seconds. A rum- 
bling noise was heard during the shock. Hanging objects swung north-srutb. 
Doors rattled and the observer’s seat moved. 

Bargarh. 

Station Master, O.I.P.R. — One moderate but continuous shook lasting 1^0 
seconds. It was preceded by a * thundering ’ noise. Hanging objects sprung 
N.E. — S.W. and loose objects fell north-east. Walls of the 3rd class waiting room 
sustained a few cracks. 
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Allahabad district. 

Jasra;, 

SkUio^ Md^UTf 0*1 *P •B* One shook for 150 seconds. Hanging objects swung 
north-south loose objects were thrown either north or south. All the walls of a 
waiting room were bracked and the side walls slightly pushed. 

Bahraioh district. 

Bahraich* 

J). Singh, Executive Officer, Municipal Board, — A gentle shock followed by a 
strong rocking movement and accompanied by a rumbling noise. Loose objects 
fell east. North-south walls were cracked, some projections on the second storey 
of houses and tower decorations fell. 

p. Pant, Oivil Surgeon* — Sound like that of a railway train was heard during 
the shock. A photo hanging on the wall fell down. Walls and arches of some 
buildings wore cracked. 

Subordinate Judge, — One continuous shock which grew in intensity. Duration 180 
Heoonds. Hanging objects swung east-west. Walls of some buildings were cracked. 

Syed Hussain, 8,0*, Kotwali — Three shocks accompanied by a noise like that 
of an aeroplane. Hanging objects swung east-west. Some buildings were slightly 
cracked. The upper storey of a very old building had to be pulled down, and some 
brick work fell from the roof of the chauk well. 

B. Nath, District Medical Officer, — ^Two shocks for 180 seconds during which 
an unusual soimd was heard. Hanging objects swung east-west, doors and win- 
dows rattled, his seat moved and loose objects were thrown either east or west. 

B. Parsad, Deputy Collector, — Duration 210 seconds. He felt two strong shocks. 
A rattling noise like that of a bullock cart going very fast was followed by a rum- 
bling noise like that of a motor car, and at one time the sound was like that of thunder 
when it seemed as if great objects were rolling and making a sound which appeared 
to Ix) passing from east to west. Clods of earth fell from the walls and the roof. 
Hanging objects swung east-west and loose objects were thrown eastwards, 

• Motipur, 

K, Nath, Range Forest Officer, — Four separate shocks, the first and the last wore 
mild but the middle ones were fairly strong. Doors and windows rattled. 

Gonda district. 

Oofida. 

A. N, Kapur, Medical Officer. — Two shocks during which a sound like that of 
a train running underground was heard. Hanging objects swung east-west and 
walls of some buildings were cracked. 

P, Sinha. — ^A mild tremor increasing in intensity and lasting 240 seconds. 
It was accompanied by a sound like that of a motor car. Ho saw the upper storey 
of his house swaying east- west. Doors and windows rattled. Walls and roofs of 
many buildings in the town were cracked. Parapets, cornices, and portions of 
wa^lls of several houses fell down. Tiles came off the roof. 

Superintendent, District Jail, — One shock consisting of several tremors during 
which a rambling noise was heard. Hanging objects swung east-west and loose 

X 2 
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objects were thrown in these directions. Walls of buildings were cracked and 
plaster fell. 

Subordinate Judge, — One continuous shock during which a rumbling noise lilo 
that of an aeroplane was heard. Hanging objects swung east-west. An empty 
bottle fell to the east. Several cracks took place in the Sub Judge’s office and 
Munsif’s court and some other buildings. 

B, K, Singhy In/^ome Tax Office, — One severe shock followed by minor tremors. 
Both the arches of the portico of the Income Tax Office were cracked. 

Bankey Bihari Laly Sanitary Inspector, — Two shocks accompanied by a rum- 
bling noise. Hanging objects swung east- west. Many buildings were cracked 
and some of them were rather badly damaged e.g, the Police Office, a Deputy C!ol. 
lector’s bungalow, Municipal School and Civil courts. 

Mohammad Umar, Veterinary Surgeon, — Three shocks. Movement north- 
south. The walls of the compounder’s quarters were cracked at several pla((H 
and bricks fell. 

Rangi, 

G, S, Cartman, District Opium Officer, — He felt a continuous vibration in a 
north-south direction. The shook approached from east and passed westwards. 
A soimd resembling that of a strong wind accompanied by a patter of rain was 
heard. The shock was fairly sharp, hanging objects swung north-south and wall.^ 
of buildings were slightly cracked. 

Janakhpur, 

Divisional Forest Officer, — A tremor followed by one violent sliock. Water 
splashed from a bucket in a N. N. W. — S. S. E. direction. Walls of some build- 
ings were cracked. 

Balrampur, 

A, A. Waughy Special Manager y Balrampur State. — He was in the jungle (27" 
46' : 82^13'), three miles south of the foothills of Nepal, sitting on the ground when 
the shock took place. At first he felt a vertical shaking, after about 30 seconds 
this changed to a lateral movement in which the ground appeared to “ swim 
Water in puddles had a marked tendency to pile up on the eastern side of ibe pud- 
dles, though swinging from side to side. A rumbling noise lasting about 30 sec oihI-j 
was heard after the first vertical shock. 

Fyzabad district. 

Ajodhya, 

Medical Officer, Sri Ram Hospital, — Several shocks preceded by a rumbling noise. 
Hanging objects swung east-west. Doors and windows rattled and sotue walls 
were cracked. 

Fyzabad, 

District Judge, — One continuous shock preceded by a rumbling noise. Doors 
and windows rattled, hanging objects swung and walls of some buildings Here 
cracked. 

Postmaster, — One continuous shock for about 300 seconds. A rumbling noise 
as of a motor lorry was heard during the shock. Hanging objects swung nort 
south and loose objects were thrown either north or south. 
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Executive Engineer > — One shock accompanied by a rattling noise as of a heavy 
lorry. The rattle increased in intensity for 120 seconds and then died. A motor 
car standing north-south swayed violently as if shaken sideways by hand. Walls 
of buildings were cracked. 

On the whole the buildings in Fyzabad were more cracked than those at 
(Jorakhptir. Only a few buildings in either place were seriously damaged, 
although most of the buildings had many minor cracks. 

/. /. ShaWi Secretary^ Museum Committee . — A loud noise like that of a huge 
motor preceded the shock. The museum building swayed to and fro. 

flead Clerk, Court of Wards . — Three shocks accompanied by sound as of an 
aeroplane. Many buildings were cracked. 

Tahsildar. — sound similar to that of an aeroplane was heard during the shock. 
1,0030 objects were thrown in different directions, 80 ^x^r cent, of the masonry 
buildings and girdered roofs were cracked. A few of them collapsed. 

Major F* E. B. Manning, I.M.S . — One continuous shock accompanied by a 
rumbling noise as of a railway train. His seat moved. Some buildings were crack- 
ed. 

M. 0. Sexton, Sub -divisional Officer, Fyzahad . — Oiio continuous shock preceded 
by a rumbling noise as of a heavy laden lorry. Ceiling fans swung east-west. Loose 
objects were thrown towards the east. Cracks appeared over arches and on parti- 
tion walls. The top layer of tiles on the roof of the li. C. Church slipixjd off bring- 
ing a part of the masonry away with it. 

Superintendent, District Jail . — One continuous shock preceded by a rumbling 
iioise which lasted during the shock. Hanging objects swung east- west. Some 
of the arches wore cracked. 

Agent, Imperial Bank of India . — ^Two shocks during which a rattling noise like 
that of heavy lorry was heard. Hanging objects swung oast-Avest. Bags of coins, 
wfughing 2 maunds 5 seere each, fell down from stacks on all sides in the bank’s 
strong room. Practically all pucca houses of every description were more or less 
cracked. 


Fyzahad Cantonment. 

Major A. Rea, 417th Rajput Rifles . — One shock preceded by sounds as of very 
heavy lorries laden with empty tins. Doors and windows rattled, hanging objo(;ts 
swung N.P]. — S.W, and loose objects were thrown down in all directions with a 
tendency towards the north-cast. Some walls were cracked. 

Tanda. 

P. Singh, Medical OjjScer.— Three shocks prewtlcd by a rumbling noise, which 
Continued during the shock. Doors rattled, hanging objects swung east-west, 
buildings were rather badly cracked. 


Jalalpur. 

Medical Offieer . — Movement was north-south. Hanging objects swung in this 
'lirection and loose objects fell either north or south. Walls of some buildings 
^^ere cracked. 
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SULTANFUB DISTEIOT. 

Musafirichana. 

Tahaildar. — One continuous shock for 200 seconds during 'which a rumbling 
noise as of a railway train was heard. Doors and windows rattled^ hanging objects 
swung east-west and the observer’s seat moved. The shock was strong enough 
to crack the walls of several buildings and some mosques.. 

Medical Officer, — Duration 180 seconds. One continuous shook during 
a rumbling noise as of a railway train was hoard. Water in a pot fell. 

Sultanpur. 

Executive Officer, Municipal Board. — One continuous shook with a sound like 
that of a motor car. Hanging objects swung oast-west. Several pucca housofl 
were cracked. 

Tahsildar, Sadar. — He heard a low rumbling noise preceding the shock like 
that of a hea-v^ lorry or goods train approaching slowly. The noise preceded the 
shock. Hanging objects swung north-south. Loose objects fell either north or 
south. Generally the comers of pucca buildings opened to a slight extent. 

Headmaster, Qovt, High School. — One continuous shock with an up and down 
and side to side movement. Hanging objects swung east-west and loose objects 
were thrown either east or west. Walls and roofs of pucca buildings were, cracked. 

0. P. Tandon, Medical Officer, District Hospital. — Two definite shocks ac(;oni* 
paniod by a deep mmbling noise passing underground. Fine cracks developed 
over the walls of the hospital building. Some toys were thrown down. 

K. Raid, Suh- Judge . — ^Felt three or four shocks. The roofs of the verandoh 
of the Civil Court building and two of the portico arches were cracked at sevenil 
places. 

R. Sankar, Chairman, Municipal Board. — He felt one continuous shock accom- 
panied by a noise like that of a motor car. Hanging objects S'wung east-wost. 
Cracks appeared in several buildings. 

S. P. Sahi, Chairman, District Board. — Rolling, pulsation and grinding under 
the feet were felt. At first the sound waa like that of the engine of a big lorry, 
later a grinding sound was heard. Water in a big fountain was thrown out. l)r'(>rs 
rattled vigorously. Tie rods below arches rattled, chandeliers swung north-south. 
Walls and arches of buildings were cracked. 

Ameihi. 

Tahstildar. — Duration 100 seconds. One continuous shock before and durinfi 
which a rumbling noise as of an aeroplane was heard. Hanging objects swung 
east-west. Some buildings were craekod. 

Kadirpur. 

Tahsildar. — Two shocks lasting about 300 seconds. Doors rattled, haiigiDl? 
objects swung oast-west and loose objects fell either east or west. Walls buu 
ings cracked a little. 
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Basti district. 

Bansi. 

Tah8Udar.-SeyeTal shocks of which the middle ones wore the severest. Direc 
tion of movement was east- west ; 15 per cent, of the houses and most of the north* 
south walls were cracked. 

Bastu 

S, A. AH, roAstWar.-— Duration 150 seconds. Thiee continuous shocks, the 
last having a circular component. The shocks were preceded by a rumbling noise 
as of an aeroplane, or a train running at a high speed. Hanging objects swung 
N.E. — S.W. Buildings were cracked mostly from top to bottom. 

Domariaganj. 

A, Ahmad, Tahsild/xr . — Duration 150 seconds. Two to three shocks in quick 
succession. Rumbling noise was heard before and during the shocks. Hanging 
objects swung east-west. Horizontal cracks appeared on the walls of buildings. 

Gorakhpur district. 

Maharajganj, 

Q, S. Lai * — Trees swayed east-west. Walls of several buildings were cracked 

Siswa Bazar* 

N. 0* Bose* — One shock accompanied by a rumbling noise. Loose objects 
rattled. Ink pots fell on the table. Hanging objects swung. 

Gorakhpur* 

J* R* Izat, Office of the Agents B* d: W. R* — Total duration of the shock was 

180 seconds. First a strong tremor with undulations about three per second whic^h 
decreased and then suddenly increased and become hard and jarring befoi^e it died. 
A sound like that of a train or heavy lorry was heard during the shock. Many 
bungalows were cracked and the top of one chimney was thrown down. Overliead 
fans swimg violently (3-4 ft.) to and fro, in an east-west direction. 

(?. Shanker, Naih Tahsildar * — One continuous shock accompanied by a rum- 
bling noise. Many houses were cracked and some of them collapsed. 

A* W* White. — One shock with a rumbling noise of a storm approaching. 
Doors and windows rattled, hanging objects swung and a few buildings were cracked. 

A, G. Petty, Principal, St* Andrew's College . — The shock was accompanied by 
a rumbling noise like that of a heavy steam roller. Doors and windows rattled, 
hanging objects swung east-west. Bottles in the laboratories and one almirah 
fell. Buildings were cracked. 

B* dj N. W* Railway Staff * — Duration 120-192 seconds. One continuous shock 
before and during which a rumbling noise as of a motor lorry or aeroplane was heard* 
Doors and windows rattled, hanging objects swung and loose objects fell. Walls 
of many buildings were cracked. A large steel structure swayed east-west over four 
inches. 

Q* Lai, Headmaster, OovU High /ScAoo/.—Flower vases weighing two pounds each 
were thrown down from a height of seven feet. Walls and arches cracked hori* 
ifiontally. 
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Tamhuhi Road. 

A. B, Kh4i% Station Master, — Goods shed building and station we i*e badly cra- 
cked, Several houses in the village were badly damaged and some ol them 
partially collapsed. 

Rajputana. 

Bhabatpuk State. 

Bharatfur. 

C, P. Hancock, President, Canncil of State, Bharalpur—^oveval shocks lastmjr 
320-180 seconds and observed by all. Time 14.15 hours. An underground rum- 
bling was heard besides rattling of doors. Hanging objects swung east-west. Walls 
of a few buildings were criK^ked. 

Karauli State. 

Karauli, 

Mao Bahadur S, N, Sharrna, JJetvan, — Time 14.15 hours. Two separate shocks 
for 300 seconds, the second being intense. A rumbling and rattling sound jik»^ 
that of a passing aeroplane preceded the shocks, which were widely felt. Doors iind 
windows rattled, hanging objects swung cast- west. The observer’s seat was shaken 
and walls of buildings were cracked. A few old buildings collapsed. 

Dholpur State. 

Dkolpur. 

K. Tewari, Firmicial Secretary, — ^Three distinct shocks, of which one was very 
strong, in ruldition to many minor tremors, all lasting 300 seconds. A runibliutr 
noise like that of an aeroplane was heard during the shocks. Doors and wituhev^ 
rattled, hanging objects swung cast- west, the observer’s seat was moved and walls 
of a few buildings were cracked. 

Narain Singh, AssisUint Revenue Secretary. — Three or four shocks for 240 seconds, 
felt by persons at rest. Loose objects rattled, hanging objects swung oast -west, 
Some clay foil from walls and the joints of some walls wore cracked. 

G. K. Goawami, Assistant Private Secretary. — One shock for 120 seconds acroin 
panied by a rumbling noise like that of a road stt^am roller. Hanging objects swun;.^ 
east-west and walls of buildings were cracked. 

Nadiar Singh, Customs Officer. — One strong shock for 120 seconds accompanied 
by a hissing sound under the feet. Cracks were seen in certain buildings and some 
old buildings collapsed. 

Capt. J, B. Clutterh'uck, Assisi. Executive Engineer, Chambal Dura- 

tion 120-180 seconds. Hanging objects swung north-south. The Senior Bridge 
Inspector, who was standing on one of the piers of the Chambal Bridge stated that 
the free ends of the girders moved half an inch longitudinally from north-south 

E. A. Thorpe and A. N. Thorpe. — ^Three shoclcs or tremors for 180 seconds ])rt‘» 
coded by a rumbling like that of a heavy motor lorry. The second observcT 
awakened from sleep. Doors rattled and hanging objects swung N.E.*— 

A clock on a sideboard fell down and some plaster cornice fell. 
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Bundi State. 

Bundi. 

Executive Engineer, — One continuous shock at 14.16 hours lasting 120 seconds. 
A sound resembling a ‘ grinding mill ’ was heard during the shock. Persons at rest 
felt the shock, doors rattled, the observer’s seat moved and some loose objects 
were thrown down. 


Kotah State. 

Kotah, 

Rni Bahadur Pandit B. Nathy Member, Mahahna Kka^, Kotah Bkik,- \\\\o or 
three strong shocks lasting 120-180 seconds. In some places a rumbling noise like 
that of a motor car about to start was heard before the shocks were felt ; no siu'h 
sound was heard at other places. Persons at rest felt the shocks, doors and win- 
dows rattled, hanging objects swung and the observer’s seat moved. Loose objects 
were throwm down in some places and superficial cracks appeared in several build- 
ings. 

Baran, 

Station Master, -One continuous shock for 120 seconds. The station roof 
rattled and wagons standing in the yard moved to and fro with the sliock. 

Salptira. 

Station Master, —A slight shock for one second. 

JiiALAWAR State. 

J fmlrapatan, 

B. L, Sharma, — 'rime 11.18 hours. One shock for 12!) sreonds. It was felt 
by persons at rest, doors and windows rattled and the observer’s scat movcnl. 

Central India. 

Baoni State. 

Baoni-Kadaura. 

i/. A, Khan, JJetmn, Baoni State, — ^Three shocks for 30 seconds and trembl- 
ing for several minutes. A sound like a nujuing engine was heard during the shocks. 
Doors and windows rattled, hanging objects swimg east-west. The observer’s 
scat moved and loose objects were throwi: down. There were many cracks in the 
hospital building. 

Beri State. 

Bert, 

D, P, Jokary, Kamdar o/Bcri.— Two shocks at an interval of two or three min- 
ntes. Total duration of the shocks was 160 seconds. A rattling sound was heard 
just before the shocks. Persons at rest felt the shocks, doors rattled and hang- 
ing objects swung east-west. Some loose objects were thrown westwards. A 
lew old masonry walls wore cracked and a few kutcha houses collapsed. 
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Sahthab State. 

Samthar. 

The Dewan, Samthar Siaie, — ^Two or three mild shocks in continuation for 240 
seconds. During the shocks a sound as of an aeroplane was hoard. Boorb and 
windows rattled and hanging objects swung east-west. 

Datia State. 

Datia. 

Khan Bahadur Kazi Sir A, Ahmad, C.LE., OM,E., LS.O., De.wan, Datia State. 
One continuous tremor for 270 seconds during which a rumbling sound was liraid 
underground. Doors and windows rattled and hanging objects swung. His chair 
was shaken and cracks appeared in several buildings. 

Banka Pahari Jagir (State). 

Banka Pahari, 

J. Lai, — Two shocks for 180 seconds. During the shocks a sound was heard 
which resembled that of several motor veliicles. Doors and windows rattled and 
hanging objects swung cast- west. The observer’s seat moved, tiles fell from roofs 
and birds flew. Plaster cracks appeared in houses and weak kukha structures 
were damaged. 

Bihat Jagir (State). 

Kohnia, 

Brij Kishore, Kamdar, Bihat Jagir, — Two shocks for 240 seconds. An unusual 
sound like that of a motor car or an aeroplane was hoard before and during the 
shocks. Doors rattled, hanging objects swung east- west, loose objects M erc th/fuvn 
either oast or west and the observer’s seat moved in the same directi(Hi. Walls 
of some buildings were cracked. 

Sarila State. 

Sarila. 

P. Narain, Detoan, Sarila State, — Two shocks for 180 seconds. A sound likt^ 
that of the running of machines was heard during the shook. Doors and m indows 
rattled, hanging objects swung east-west and the observer’s seat moved. Slight 
cracks appeared in dilapidated buildings. 

JiGNi State. 

Jigni, 

The Kamdar of Jigni, — One severe shock for 180 seconds. It was procedo-i 
by a sound like that of an aeroplane or the approach of a motor car. Doors and 
windows rattled, hanging objects swung north-south, the observer’s seat was shaken 
towards the south and loose objects fell in the same direction. The palace wnlls 
were cracked and two houses and the office building collapsed. 
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Dhubwai Statb, 

Dhunoai. 

Tht of Dhurwai, — One shock for 180 seconds. It was preceded by a 

sound like that of a train. Persona at rest felt the shock. Loo e objects fell west- 
wards. Tiles fell from the roof. 

Tohri Fatehpur Jagir (State). 

Tohri Fatehpur. 

G. B. Singh, — -Two shocks for 120 seconds. Unusual sounds resembling “dium 
beats ” were heard before the shocks, which were felt by all. Hanging objects 
swung N. E. — S. W. Walls of some buildings were cracked. 

Charkhari State. 

GharJehari, 

B. P. Tiwari, Chief Revenue Officer, — One continuous shock for 180 seconds. 
A sound like the approach of a goods train was heard from the beginning to the 
end of the shock, which was slight at the beginning and end and strongest in the 
middle. Doors and windows rattled, hanging objects swung and the observer’s 
seat was shaken. Loose objects were thrown down in all directions and walls of 
old pucca buildings were cracked. 

Pahra Jagir (State). 

Pahra, 

B, Lai, Katndar, Pahra Jagir, — One shock for 60 w^conds. A sound like that 
of a lorry was heard during the shock. Hanging objects swung east-west and the 
observer’s seat moved. Tiles fell from the roofs of many houses and loose objects 
were thrown westwards. 

Tar AON Jagir. 

Chitrakot, 

Assistant Station Master, G. I. P, E. — Several shocks, commencing with a rum- 
bling noise as of a motor car. The first shock was mild and was followed by stronger 
shocks. The station doors rattled and ceiling lamps swung violently west-east. 
The ground shook in the same direction. 

Paldeo Jagir (State). 

Mayagaon, 

B, Prosad, Kamdar, — One shock for 300 seconds. A rumbling noise like that 
of a heavy machine rolling underground was heard during the shock. Hsnging 
objects swung east-west and loose objects were thrown down towards west. The 
observer’s seat was shaken. Walls of some buildings were otacked. 

Baraunda State. 

Baraunda, 

Dewan, Baraunda State, — One shock for 30 seconds. Three minutes before 
the perceptible shook a loud noise as of an aeroplane flying overhead was heard 
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and it continued for about a minute. Most persons felt the shook. Loose objects 
rattled and tiles fell from the roofs of houses. 

Alipura State. 

AUpura, 

Eattan Siiigh, — ^An earthquake of rather sev^ere intensity lasting about iso 
seconds was followed by a mild tremor for 120 seconds. The shook travelled east- 
west and was preceded by a noise like that of a motor oar also travelling in the 
same direction. Doors and windows rattled, hanging objects swung east-west 
and the observer’s seat was shaken. Some loose objects were thrown westwards 
and old walls were slightly cracked. 

Garrauli State. 

The Kamdar of Garrauli, — Three shocks lasting 180 seconds. The middle 
shock was the strongest and lasted longer than the two others. Before and during 
the shocks sounds like the rattling of a heavy lorry driven at full speed or the roaring 
of an aeroplane were heard. Trees swayed, persons lying on beds were jerked up, 
doors rattled and buildings trembled. 

Bijawar State. 

Nowgong, 

8, N, Srivasiavat Meteorological Observer. — ^Threo successive and separate sfiocb 
for 240 seconds. A rurabhng noise was heard during the shocks. Doors rattled, 
hanging objects swung, the observer’s seat was shaken, loose objects fell and walls 
of some buildings were cracked. 

Bijawar. 

The Dewan, Bijaivar State. — Two shocks for 180 seconds, A rumbling noise 
like that of a car was heard during the shocks. Doors and windows rattled, hanging 
objects swung N. E. — S. W., the observer’s seat moved and loose objects wore 
thrown towards the north. Certain buildings were shghtly cracked. 

Orchha State. 

Tikamgarh. 

M. Paul, Detmn, Orchha State . — One continuous shock for IHO 3 (‘<'f)nds. An 
underground rumbling noise at the beginning changed into a noise like a motor 
car cuigine. Most persons felt the shock, doors and windows rattled, hanging objects 
swung and the observer’s seat moved, 

Panna State. 

Panna. 

V. Chand, Superintendent of Police. — One shock for 180 seconds accompf^nied 
by a rumbling noise. Persons at rest felt the shock, doors and windows rattled, 
hanging objects swung north-south, the observer’s seat moved and some loose 
objects were thrown northwards. Some buildings were slightly cracked. 
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Kothi State. 

Kothi. 

The Dewan, Kothi State, — Duration 210 seconds. One shock preceded by a 
sound that continued for a few seconds, and resembled that of several cars in 
motion during the shock. Hanging objects swung N. W.— S. E., the observer's 
seat moved and some loose objects were thrown towards the south-east. Walls 
of some of the double storey buildings made of stone and lime were cracked. 

Nagob State. 

Nagod, 

L. S, B, Singh, President, State Council, — One continuous shock for 180 seconds. 
A rumbling noise like that of a motor car preceded the shock which was felt by 
most persons. Doors and windows rattled, hanging objects swung north-south, 
tlie observer’s seat moved and loose objects were thrown down southwards. Small 
cracks appeared in several buildings. 

Ajaigarh State. 

J. K, Mathur, Acting Bewan^ Ajaigarh State.—One shock for 300 seconds. A 
nimbling noise as of a motor car was heard before and during the shook. Other 
i‘e[)lics to the questionnaire are in conformity with isoseismal VI. 

Jaso State. 

Jaso. 

Lachman Singh, — Two shocks for 120 seconds. A sound as of a motor bus 
was heard before the shock. Doors rattled, hanging objects swung east-west, 
the observer’s seat was shaken and some loo.se objects fell towards the west. 8o?ne 
buildings were cracked. 

Maihar State. 

Maihar. 

Rai Sahib N, N, Majumdar, Dewan, Maihar State, — Two or three shocks of 
different intensity within 180 seconds. A deep rumbling sound as of distant 
thunder or a train on a distant bridge was heard before and during the shocks. 
Doors and windows rattled, hanging objects swung N. E. — S. W. and the observer’s 
seat moved in the same direction. 

Station Master, — One continuous shock for 50 seconds at 14*17 hours. A 
rumbling like the noise of a motor car was heard during the shock, hanging objects 
swung and the observer’s seat moved. A wall of a signalman’s quarters was 
cracked. 

Rewah State. 

Satna, 

Time Keeper, 0, I, P, Railway Workshop, — One shock for 160 seconds during 
which a ‘ gurgling ’ sound, as if a stove were burning under foot, was heard. The 
ground moved east-west and all the fittings and fixtures in the rooms of the work- 
shop were swinging. 
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Remh. 

Superintendent^ Medical Department, — single continuous shook for 300 seconda. 
Doors and windows rattled# hanging electric lights swung N. E.— S; W. A stone 
wall in the jail was slightly cracked. 

Muhammadoabh State. 

MuJuimmadgarh. 

The Kamdar, Mvhammadgojrh, — One shock for 76 seconds. It was preceded 
by a sound like that of a fast running motor oar. Loose objects rattled, the seat 
of the observer moved as on a rolling ship. Some of the buildings were cracked. 

Korwai State. 

Korwai, 

A, E, Khan. — One slight shook for 120 seconds causing doors and windows to 
rattle. Hanging objects swung and the observer’s seat moved. Walls of several 
buildings were cracked, 

Gwalior State. 

Gwalior. 

Sunder Lai, Assistant Surgeon, Residency. — ^Three continuous shocks one after 
another and lasting about 300 seconds. Before and during the shocks a rumbling 
noise as of an aeroplane was heard. Doors rattled, hanging objects swung north- 
south, the observer’s seat moved and loose objects were thrown towards the south. 
Walla of buildings were cracked. 

Khamiadhana, 

Administrator, Khamiadhana Estate, — One continuous shock for 180 seconds. 
Before and during the shock soimds like an aeroplane wore heard. Persons at 
rest felt the shock and doors rattled. Hanging objects swung north-south, the 
observer’s seat was shaken and loose objects fell south. Walls of some buildings 
were cracked. 

Isagarh district (Gwalior). 

Gum, 

Station Master, Quna, 0. I, P, E. — One shock for 180 seconds. It was felt 
by persons at rest, doors and windows rattled and loose objects were thrown either 
east or west. 

Tumheri, 

P, W. Inspector, 0, /. P, E, — One shock for 150 seconds. Moat persons felt 
the shock, doors and windows rattled and the observer’s seat moved. Loose 
objects were thrown either east or west. Walls of the P. W. Inspector’s bungalow 
were badly cracked. 

Bhilsa district (Gwalior). 

Sumer, 

Dattatraya Narayan, ^One continuous tremor felt by persons at rest, doors 
and windows rattled. Walls of some buildings were cracked and the walls of 
“ A ” cabin were damag ic and al^pt four feet of t^o walls i^ear the roof fell to tlie 
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Central Provinces. 

Saugor district. 

Bina, 

BesidefU Engineer, 0, /. P, i?.— One continuons shock for 180 seconds. Doors 
and windows rattled, walls of several blocks were cracked and two gabled walls 
on the east and west of a block collapsed. 

R, P. McGready. — One continuous tremor for 180 seconds, felt by persons at 
rest. Some walls were cracked and both the side walls of a bungalow fell in- 
wards about five feet from the top, near the roof. 

Satigor, 

S. //. Y. Oulsnam» — One shock felt by persons at rest. Doors and windows 
rattled and some tall buildings were cracked. 

Assistant Executive Engineer, — Minor cracks on the upper portions of the walls 
of several government buildings. Some heavy key-stones of the arches of the 
verandah became loosened in the Civil Court buildings and settled about an inch 
or two downwards. 

Ta}isildar.--Tv?o shocks. Some walls were cracked in places. 

H, E, Schmidt, Overseer, P. W. D. — One shock preceded by a rumbling noise 
like that of carts on a road. Hanging objects swung ; soine buildings were cracked. 

Resident Engineer, 0, /. P, E, — One shock for 180 seconds. Doors and windows 
rattled and hanging objects swung. 

Damoh district. 

Damoli, 

Tahsildar, — Duration 105 seconds. Three shocks, of which the first was the 
strongest, A sound as of an incoming train was heard before the shocks. Doors 
and windows rattled, hanging objects swung N. E. — S. W. and walls of some build- 
ings were cracked, 

V, /. Mertough, P, W, Inspector, O, I, P, E . — One continuous circular motion 
lasting about 120 seconds. A inimbling noise was heard before the shock as if a 
train were passing over a bridge. Doors and windows, rattled and curtain beads 
swung N. E. — S. W. 

JUBBULPORE DISTRICT. 

Katni. 

P* W, Inspector, 0, I. P. E , — One continuous shock felt by persons at rest. 
Doors and windows rattled, hanging objects swung north-south and the observer’s 
5^cat moved. 


Bihar. 

PaLAMAU DISTRICT. 

General (Palamau district). — Reports from various police stations all over the 
district show that one continuous shock lasting 120-300 seconds was felt. 
The sound| comparable to the noise caused by an aeroplanp of a mo^r carj 
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was audible in some cases before and in all cases during and in one case after the 
shock. The shook was felt by almost everybody, doors and windows rattle/ 
tiles from roof and loose objects fell and large and old buildings were slightly (;ra( ked 
In one or two instances hiicha walls collapsed. 

Ranka. 

P. Singh, Sub-Inspector of Police, — One continuous shook for 300 seconds. Before 
and during the shock an unusual sound like that of an aeroplane or a motor was 
heard. Hanging objects swung, doors rattled, the observer’s seat moved ajK] 
big buildings were damaged. 

Dalionganj, 

Superintendent of Police, Palamau, — ^A mild shock gradually becoming intense 
and very severe. Duration 240 seconds. A rattling sound was heard at tbo 
beginning of the shock and it changed into a rumbling sound later. The ground 
shook badly making it difficult for one to remain steady. Walls and roof of the 
bungalow were badly cracked. 

At Singra, five miles north of Daltonganj, the earth on the banks of the rivers 
Gursote and Amanat were cracked. Water shot out up to five feet in height at 
the junction of the Koel and the Amanat. 

M. A, Ashruff, Meteorological Observer. — One shock for 300 seconds from 14* ]] 
to 14*10 hours. Unusual sounds like those of an aeroplane or motor car were 
heard during the shock, which was felt by most persons. Doors and windows 
rattled, hanging objects swung and loose objects fell. Walls of almost all tlie 
buildings were cracked. 

A. K. Bose, Forest Banger, — ^Five shocks for 360 seconds, during which a sound 
resembling that caused by a railway engine passing at a distance was heard. 

LateJiar, 

0. S. Singh, Sub-Inspector of Police. — One continuous shock for 180 seconda, 
accompanied by a sound as of an aeroplane. The shook was felt by persons at rest, 
doors and windows rattled, hanging objects swung and walls of buildings were 
cracked. The observer’s seat was shaken. 

Hazaribagh district. 

General (Hazaribagh district). — Reports from the police stations in various 
parts of this districts show that the earthquake was widely felt in Hazaribagh dis. 
trict and was accompanied by a rumbling noise comparable to that made hy an 
aeroplane or motor car or railway train. Cracking of houses was general, the 
Parasnath temple and the dak bungalow at Parasnath were damaged. At many 
places tiles fell from roofs of houses. 

Eodarma, 

S. S. Prasad, Range Officer. — One shock for 120 seconds. It was preceded hy 
a sound like the approach of a motor car. Doors rattled, hanging objects snnng 
and the observer’s seat moved. Walls of several buildings were cracked. 

Sub-Inspector of Police. — One shock for 240-300 seconds. A rumbling noidc 
as of an aeroplane was heard. Doors rattled, loose objects fell and about 7.5 
buildings were cracked. 
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BarhL 

Sab-Inspeclor of Po^to^.—Two shocks for 240 seconds, A rumbling noise as 
of an acfopiane was heard. Doors rattled and the observer’s seat moved. Walls 
of buildings were slightly cracked. 

Partabpur. 

Sttb-Inspedor of Police. — The shock lasted 180 seconds. The replies to tho 
questionnaire are in accord with isoseismal VI. 

Chatra. 

SuhJnspector of Police.. — One shock for 220 seconds accompanied by a rumb- 
ling noise as of an aeroplane. Tho replies are in accord with isoseismal VI, 

Hazaribagh. 

S'vJbdivisional Officer, Sadat, — One continuous shock for 180 seconds during 
which a humming noise was heard. Walls of many buildings were cracked. 

G. Choudhury, Meteorological Observer. — ^Time 14*11 (I. S. T.). Several jerks in 
quick succession were felt over a period of 240 seconds. Some of tho later jerks 
were quicker and more severe, and five minutes after the main shocks a ahght 
shock was felt, A muffled, rumbling noise like that of a heavy motor van passing 
at a distance was heard. The earthquake was felt by most persons, doors and 
windows rattled and the observer’s seat moved. Walls of buildings were cracked, 
the turret on the north-western corner of tho local college building collapsed, 
that on tho north-eastern corner swayed but did not crack and the steeple of the 
Church was cracked. 

SnhJnspector of Police, Sadat. — Two or three shocks for 180 seconds. A 
rumbling noise as of an aeroplane was heard. Doors and windows rattled, hanging 
objects swung and loose objects w^ere thrown down. All the houses were slightly 
cracked. 

Giridih, 

Subdiviaional Officer, Oiridih. — Several continuous shocks for 180 seconds. 
A* rumbling noise as of a railway train was heard. Doors and windows rattled, 
iianging objects swung and the observer’s seat moved. Walls of buildings were 
cracked. 

S. N. Haider, Deputy Magistrate. — One continuous shock for 180 seconds 
during which a rumbling noise as of a motor car was heard. A strong up and down 
movement, shaking the ground under his feet and his table, was felt. Electric 
fans and ceiling lamps swung. Doors rattled and walls of buildings were cra<.*ked. 

H. Banerjie, Giridih Bar Association. — ^Three or four shock for 150 seconds 
accompanied by a rumbling noise as of a heavy motor bus. Portions of some 
buildings and tin sheds collapsed. 

Jhumri Telaiya. 

0. 0. Atigier,--Time 14*15 (I. S. T.). Duration 480 seconds with intermissions, 
there being four or five intervals between the shocks during tho last 240 seconds. 
He was sitting at hia office table facing north-west and heard a hollow rumbling 
noise, increasing in intensity, coming from W. 20® N. and passing in the opposite 
^iuection, Twa py three seconds later his chair was pushed upwards and for the 
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first 30 or 40 seconds large but not severe waves appeared. The tremor tlion ia. 
creased in severity and the waves were rediioed to a foot from crest to crest. The 
shocks were most intense during the first four minutes. Roof of a shed built of 
^al wood poles, bamboos and country tiles vibrated with great speed. 

Ranchi district. 

Bagechampa. 

M, Khan, Southern Forest Range Officer, Netarhat P. 0., Mamuii, Ranchi,^ 
In the jungle, sitting, he felt one shock for 180 seconds. Before and during the 
shook a rumbling noise, like that of a train in motion, was heard. He almost foD 
when he stood up. Nuriah (country) tiles from a sloping roof fell and several walk 
of buildings in the locality were craoked and some collapsed. 

Ranchi. 

E. Horsfield, Deputy Commissioner, Ranchi district. — ^Two shocks separated 
by a short interval. Duration 240 seconds. The vibration was accompanied by a 
noise as of an approaching heavy lorry or train. Persons at rest felt the shocks, and 
doors and windows rattled. Walls of buildings were cracked. 

Oharu Chandra Roy, Meteorological Observer. — ^Time 14*12- 14* 15 hours. Dura- 
tion 180 seconds. Two peroeptible shocks accompanied by a rumbling noise as 
of an aeroplane. Doors and windows rattled, hanging objects swung, loose objeets 
were thrown down and his seat moved. The office buildings of the Exociiti\'e 
Engineer were cracked and greater damage was done to some of the old masonry 
buildings of the town. Several buildings at Kanke Mental Hospital wore craeked 
and the P. W. D. Divisional office and an old tiled building at Dorandali were 
cracked. Eye-witnesses stated that in some cases the cracks opened as much as 
two inches during the shocks. Corners and junctions of most of the walls were 
cracked and pLister fell down in those buildings. 

N. G. Dunbar, Superintending Engineer, Chofa Nagpur Circle . — He was re- 
clining on a couch and felt one shook for 180 seconds. At first there a rum- 
bling sound for a second and then the couch started to tremble and all the doors 
and windows rattled violently for 180 seconds, the maximum intensity of the rattling 
was during the first 90 seconds. His wife was aroused from sleep. Objects hanging 
on the verandah wall swayed about and two silver cups on pedestals were knocked 
down. All the pictures on the north and the south walls ended up with a decided 
slope downwards towards the east, those on the east and the west walls n'mftiiicd 
as they were before. He felt a decided east-west movement. There wore t^vo 
slight cracks in his puc^ house and practically every pucca house in Ranchi got 
slight cracks. Some of the kutcha-pucca buildings sustained larger cracks. 

Immediately before tho shock a strong wind was blowing from the north-west. 
During the shook and for about 15 minutes afterwards there was a dead calm ; 
the strong wind then recommenced blowing. 

Manbhum district. 

Dhanbad. 

C. Forrester, Vice-Principal, Indian School of Mines. — ^Time 14*15-14*10 hours. 
Duration 240 seconds. A sound as of rushing wind was heard immediately pnoj 
to tbo shook ; during the main shook and immediately thereafter a deep^tone 
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rumbling now© was heard. The shock was felt by persons at rest and caused bottles 
and various objects on shelves to overbalance and fall to the floor. A pendulum 
and ceiling fans swung in a direction east-west approximately. All the old cracks 
in the school building were widened and now cracks appeared in walls running 
east-west. There was evidence on the roof of slight compressional forces acting 
east-west, producing north-south cracks with slight overriding. 

/S'. 0* Ohosh, Head Assiatant, Additional D. G,*s Office. — Time 14*16 hours. 
Duration 96 seconds. One shook of moderate intensity at commencement and then 
a continuous shock for about 90 seconds of same intensity which diminished later. 
A rumbling sound as of a heavy lorry was heard during the shock. Doors rattled, 
hanging objects swung, his seat was shaken and he w*ent out of doors. Walla of 
almost all the buildings were cracked more or less and a portion of the roof of the 
first floor of an old building collapsed. Fire and smoke issued from fresh fissures 
in the * fire areas ’ of Jharia and Bagdigi. 

5. Alexander. — Time 2*16 p.m. Duration 200 seconds. He felt three tremors 
of which the second was the strongest. Loose objects were thrown down and 
walls of buildings were cracked. 

B, K. Bose, Inspector of Works, E. L R. — One shock for 120 seconds. Several 
buildings were cracked. 

Res). J. Dohet, S.J. — He was driving his car between Asansol and Sitararapur 
and on a certain climb of the rOad, at about the time of the quake, ho felt an 
unusual, sudden but momentary failure of power without knowing that it was 
due to the earthquake, of which he learnt on his arrival at Dhanbad. 

Pradhemkhanta. 

P. W, Inspector, E. L R. — One shook for 180 seconds accompanied by a rattling 
sound. Doors and windows rattled, hanging objects swung, the observer's seat 
moved and walls of some buildings were cracked. 

Kashipur. 

Abdul Majid, Sub-Inspector of Police, — Duration 160 seconds. Several shocks 
during which a rumbling noise as of an aeroplane was heard. The replies are in 
a’ceord with isoseismal VI. 

Jhalda, 

11, N, Muherji, Svh-Inspector of Police, — ^Duration 180 seconds. Three separate 
but continuous shocks during which a rumbling as of an aeroplane was hoard. 
Most people felt the quake, loose objects were tlirown down and walls of buildings 
were slightly cracked. 

Purulia, 

Rai Sahib P, N. Mulcherji, Sadar S, D, 0, in Charge, Ara?i/;/mm.—l>uration 190 
aeconds. He felt two shocks during which ho heard at first a rumbling noise like 
that of a heavy lorry passing at a distance and later like the dioning of an acropliiiie 
flying overhead. The shocks were felt by persons at rest, doors and wiiulows 
rattled and his clock swung out of line and stopped. A stationary motor car first 
swayed cast-west and then north-south. Some buildings were slightly cracked. 

Hura, 

d, N, Muherji, Svb-Inspecim of Po^tce.—Duration 210 seconds. One ^vore 
shock wiw felt during which a rumbling noise as of an aeroplane w as heard. Doors, 

Y 2 
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windows, tikjs, etc., rattled, and^ walls arches and oompoimd of the police station 
were cracked. None could remain sitting. Plaster, photos, etc., fell. Ahunt 
30 per cent, of the houses in the jmisdiction of the thana were cracked and one 
house collapsed. Water iu wells and tanks was badly shaken. 

Baghnmidi, 

Officer in Chdrye, Baghmundi Police Station , — One strong shock pieccdcd hy y 
rumbling noise as of a motor car. 

Bandwan, 

Officer in Charge, Bandwan Police Station , — Two shocks for 60 sccondn. A 
rumbling noise was heard during the shock, which was felt by persons at i'c8t. 
Doors and windows rattled, hanging objects swung, loose objects wore thrown 
down and walls of btdldings were cracked. 

Santal Parganas. 

PaJeaur, 

H. N, Jha, Kanungo , — Duration 120 seconds. One shock during whicli a 
rumbling noise was heard. Persons at rest folt the shock, doors and wiiidow.s 
rattled, loose objects fell and the observer’s seat moved. The S. D. O.’s Court 
building sustained slight damage and the sub-jail and half a dozen private houses 
were slightly cracked. 

Mrs, 8, G, Hughes, ^Dviv&iion 300 seconds. One continuous shock, causing 
doors and windows to rattle and the observer’s seat to shake. Hanging plants 
on the verandah swayed east- west and ceiling lights and fans swayed in a eirenlnr 
fashion. Several houses, the Court and the Raja’s palace had cracks in the walls. 

Jamtara, 

Bai Sahih S. N, Sen, Suhdivisional Officer, Jamtara.—Dimtnm 240 Bec{)nds. 
A continuous series of shocks preceded by a rumbling noise coming from knealli 
the floor and resembling the approach of a motor car. Doors and windows rattlid, 
punkahs swayed and clocks stopped. Plaster fell and almost all the public build- 
ings were more or less cracked. 

Karniatar, 

P, W. Inspector, E, I, B , — One continuous shock for 180 seconds. It was 
accompanied by sounds like the rumbling of an approaching train which iiKicasid 
till they resembled the noise of heavy machinery set in motion. Buildings ro( ked 
north-south, the floor heaved upwards during the violent shock, followed tlic 
ground rotating east to west for CO seconds after which the shock gradually ababd. 
Tiles from the roofs of huts wore shaken off and walls of a number of buildings 
were cracked. 


Bengal. 

Birbhum district. 

Dubrajpur. 

B. L, Sen, Circle Officer . — Ono continuous shook preceded by a rattling soiu'd 
^ of a railway train and which persisted during the shock. Doore rattled, hanging 
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objects swung north-south and the observer’s seat was shaken. Walls of some 
buildings were cracked* 

Bolpur. 

C, P- Boy* Oirde Officer, — rumbling noise was heard before and during the 
shock. Walla of buildings were cracked to a small extent. 

Suri. 

P, P, PcA, Circle Officer^ Sadar, — ^Two shocks, the second being more severe 
than the first. Minor cracks appeared in the walls. 

Burdwan district. 

AsansoL 

D. M. 8, Robertson^ E, /. 12.— Several shocks for 240 seconds dining which a 
rumbling noise was heard. Slight shocks were felt two hours afterwards. Doors 
nittled, hanging objects swung, loose objects fell c1o\^ti and walls of some buildings 
were cracked. The parapet of the Loreto Convent collapsed towards the south- 
west. 

N. Banerjee, E, /. R. — A slight movement followed by a heavy shock. Dura- 
tion 180 seconds. During the earthquake a rumbling noise was heard. A few 
buildings in the railway colony were cracked. 

G, B, Mukherjee^ Chairman y Municipality, — Two shocks felt by all. Doors 
and windows rattled, hanging objects swung N. W. and a few old buildirigs 

wore cracked. 

Pravakar Eajguru, — Four shoetks witc felt. The observer’s seat moved and 
ho thought that the movement was cast-west. Walls of some buildings were cra.ekod. 

ChincJmriay Asansol 1\ 0 . 

Mrs. W. Goodger, — Two separate shocks a(;compa,nie(l from start to finish by o 
dull boo)ming sound like that of a heavy motor. A corncu’ of a bungalow collapsed, 
a cement water tank eracdicd and some roofs were cracked. A number of birds 
nesting on a tree flow away with nervous cries at the lirst shock and did not return 
until night. 

Ilirapur, Burnpur P. 0, 

F. Small y Bungalow A4. — His oflieo clock stopjx^d at 14*17 hours. Doors 
mttled for 30 seconds as if caused by a gust of wind. Electrici ceiling fan first 
swung north-south and then in a circular motion, the diameter of the circle being 
18 inches approximately. Out of doors the ground shook, the duration of the shock 
being 120 seconds. Water in waterworks reservoir tilted more than 12 inches, 
flight cracks apixiared in walls i)ver arches built north-soutli, none over cast- 
wost arches. 

Ranigmij, 

A, 0, Ouha Roy, Chairman, Municipality . — One continuous shock alternately 
increasing anil decreasing in intemsity. A rumbling noise wtis heard just a second 
before the final heavy stage of the shook. Doors and windows rattled, hanging 
objects swung north-south and loose obj<icts fell. Several cracks apjxared from 
l-op to bottom of the old buildings. Portion of a parapet of a two-storey building 
nnd a^mall^oom on the terrace of a double-storey building (jollapsed. 
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Katwa. 

Sanitary Three shocks preceded by a rumbling noise as of an 

approaching etorm. Doors and windows rattled, hanging objects swung, loog^ 
objects fell and walls of buildings were cracked* One old two-storey building 
collapsed. 

Burdwan. 

Vice Chairman, District Board. — One continuous shock felt by all. Doors and 
windows rattled, hanging objects swung north-south and loose objects fell botii 
north and south. Walls of some buildings were cracked. 

Municipal Engineer.— Threo shocks causing hanging objects to swing nortli- 
south. The observer’s seat moved and a few buildings were slightly cracked. 

ChaJedighi. 

Baja M. L. Singh Roy, G.I.E. — Duration eight minutes. Three shocks of which 
the first two were east-west and the last clock-wise. Doors and windows rattled 
and the observer’s seat moved. Walls of several buildings were cracked. 

Kalna. 

Subdivisional Officer. — ^Fii’st shock was followed by a second and severer shock. 
Birds perching on trees flew. Doors and windows rattled, hanging objects swung 
and the observer’s seat moved. Some fifty buildings were slightly cracked. 

Kalipada Chaiterjec.- — Three separate shocks were felt. Hanging objects swung 
north-south and the observer’s seat moved in the same direction. Walls and 
floors of buildings were slightly cracked. 

Bankura district. 

Bankura. 

P, N. Chatterjee, Chairman, Municipaliiy. — Two shocks during which some 
unusual sounds were heard. Doors and windows rattled, hanging objects swung 
north-south and the observer’s seat moved. Slight cracks appeared in the ^aJIs 
of old buildings. 

Bishnupur. 

Subdivisional Officer. — sound like that of a motor engine was heard b(*foic 
and during the shock, which most people felt. Doors and windows rattkd and 
hanging objects swung north-south, 

T. Qupia, Sanitary Inspect(yt\ — One shock felt by many persons. It was pre- 
ceded by a rumbling noise like that of a motor car which ended with tiie shock. 
Hanging objects swung north -south, the observer’s seat moved and loose objects 
fell. Walls of some buildings were cracked and one mud wall collapsed. 

Raipur. 

Circle Offiiccr, Raipur. — ^Two shocks felt by everybody. Doors and windows 
rattled, hanging objects swung and the observer’s seat moved. Old buiklin^dfi 
were cracked. 

Midnapore district, 

Ghatal. 

R. Dutia, Subdivisional Officer. — He felt three shocks. Dooia end windows 
rattled, hanging objects swung and the observer’s seat was shaken. A window 
of the 8. D, O.’s house was disjointed. 



ISOSEISMAL VI, 317 

Hooghly district. 

Arambagh. 

A* ScthdfKif Vice Ohairmati, Muuicipctiifi/, — Several shocks preceded by a 
sound like that of an aeroplane at a distance. The sound lasted throughout the 
quake. The observer’s seat moved, loose objects fell and some buildings were 
slightly cracked. 

Tarakeswar. 

Sub-Inspector of Police , — One shock with an oast-west movement. 

Rishra-KonnagaT, 

N. N* Banerjee , — Three major shocks and several tremors which were preceded 
by a sort of rumbling noise. Doors and windows rattled, hanging objects swung, 
the observer’s seat moved and loose objects were thrown down. The movement 
wns fell to be north-south but the middle shock was east-west. 

Magra, 

K, B. Chaiterjee, Svb-Ivspecior oj Police , — Three ehockH of which the middle 
one was the strongest. Movement was east-west. Walls of seme buildings were 
cFcack'ed. 

Hooghly. 

8^, Huq^ Bub-Inspector of Po/^ce.— Just before and during the eartliquake a 
sound like that of an aeroplane was heard. Hanging objects swung east-west 
and the observer’s seat moved in the same direction. 

Chinsurah. 

M. C. Ghosh, Subdivisionul Officer , — Several shocks sliook his seat on the dais 
of the court room. Some buildings were slightly crax^ked. 

, Chuirman, Hooghly -Chinsurah Municipality . — TVo shocks felt by most people, 
doors rattled, hanging objects swung north-south and the observer’s seat moved. 
Loose objects were thrown in a north-south direction and some buildings of the 
town were cracked. 

A. C. Kar, Sub-Inspector of Police . — Two shocks of which the first Wiis east* 
west changing later to north-south. 


Bansberm. 

W. Robertson, Manager, Bansheria Jute Mills . — Several shocks felt by most 
People. Lamps swayed east-west and some w'alls were cracked. 

Bhadreswar. 

y ux-Chairman, Municipality,-— ■'yv/o shocks, N. E. — H. W. nnd cast-west. 
Walls and roofs of some buildings were slightly cracked. 

Champdani. 

B. B. Chaiterjee.—lyiO shocks. Hanging objects fiist swung cost-west and 
then north-south. Walls of seme buildings were cracked. 
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Serampore. 

L. A. Chapman, Subdivisional Q^oer.— Two shocks for 240 seconds, doors and 
windows rattled, hanging objects swung and the observer’s seat moved. The first 
movement was north-south and then east-west. One slight crack appeared in the 
wall of the court building, which is old. 

A* Mukherjee, Overseer , — -Four shocks. Doors and windows rattled, hanging 
objects swung east-west and a few old buildings were slightly cracked. 

UUarpara. 

Chairman, Municipality , — ►The pendulum clocks on east and west walk stopped 
at 14*15 hours, those on north and south walls generally did not stop. The first 
shocks were of mild intensity and were followed by severer ones. Deni's and 
windows rattled, trees swayed and rustled. The first movements were weat»oaat 
and later they were N. E.— S. W. Water of a tank rolled east-west and then 
8. E.— N. W. Slight cracks appeared over the arches of old buildings. 

Howrah district. 

Amta, 

H, 8, Muhherjee, Circle Officer,— The earthquake was felt universaJiy and 
caused doors and windows to rattle. Hanging objects swung and the observer’s 
seat moved. 

Howrah, 

U, N, Das Gupta, Cirde Officer, Sadar,— Two severe and a few mild sliocks. 
Hanging electric lamps swung north-south. A few houses were slightly dainagi'd. 

Vluheria, 

N, G. 8e7i, Subdivisional Officer, —lie felt one continuous shock causing dooi-s 
and vdndows to rattle. Hanging objects swung cast-west. 8omo buildings 
cracked. 


Calcutta, 

Dr. A. N. Coukon’s note, written a few minutes after the earthquake, has hern 
already reproduced on page 24. 

J,Ohaudhuri, Bar-aULaw, Editor, Calcutta Weekly Notes, 31 , Bally yunge Bond. — 
Doors on the east and west side of the house rattled. Water in a tank moved up 
the stops in a mass the clear surface of the water remaining calm in tho middh?. 
Floating weeds moved from east to west* The clock on the north-south wall stoppi >1, 
that on the east- west wall did not. A corner of the southern verandah of tho second 
floor of 3, Hastings Street, a very old building, came down. 

8, G. Ghosh, Lie, Vriyapara Lane, Entally,—A slight ’shock followed by a 
stronger one and then diminishing in intensity. Electric lights swung (*ast*\ve-^'(. 
An east- west wall on the southern side of the house was slightly cracked. 

Satis Chandra Basu, 64, Hari Ghosh'* s Street,— An up and down movement follow- 
ed by tho following movements : — spiral N. E, to S. E., oscillatory N. E.-— S. 
circular upheaval rising towards south-west, oscillatory sinking towards nort i 
east. A rumbling noise was heard at the beginning which was drowned 
by the rattling of furniture, doors and windows. Ceiling fans swung N. • 
Hanging electric lamps drew elliptical ourvea in the air, the major axis of tK 
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ellipse boing N. E.— S. W. A tromendoua apiral rising movement from N. E. to 
S. E. was observed, the vortical impact was far greater than the slight oscillation 
'wrhioh oocompanied it, the action increasing and decreasing gradually except for 
a single jeA ^ middle of the shock. 

24-Parganas disteict. 

Dum Dum. 

Officer in Charge, Police Station , — One shock causing hanging objects to swing 
north-south. Most people felt the shock. 

Titagar. 

OJJicer in Charge, Police Station , — Two shocks felt by most persons. Doors 
and windows rattled, hanging objects swung east-west. Small cracks appeared 
in some buildings. 

Barrackpore, 

Officer irt Charge, Police Station , — ^Two shocks felt by most people. Doors 
and windows rattled, hanging objects swtmg and some cracks jippearod in walls 
over the arches. 

Naihati, 

Officer in Charge, Police Station . — ^Two shocks felt by everybody. Doors rattled, 
hanging objects swung oast-west, the observer’s seat moved and loose objects 
fell down both oast and west. Walls of some buildings were cratjked. 

Barasat. 

K, K. Hazra, Suhdivlsional Officer , — Two distinct sliocks were felt jit first after 
which the shock was continuous. The shock was fairly strong and it was dilfnadt 
to stand or walk steadily. Walls of buildings were crac^kod. 

Nadia disteict. 

Krishnagar. 

Suhdivisional Officer . — ^Three shocks. Loose objects rattled, hanging objects 
swung east- west, and some objects fell in the same direc.'tion. Walls of a f(^w build- 
ings were cracked and an old wall fell down. 

R, N, Sen, Principal, Krishnaxjar College. — ^1?wo shoeks. The replugs to tlu^ 
questions are in accord with isoseismal VI. 

CJmidanga, 

Suh^Deputy Magistrate , — One continuous shock felt by many people. Doors 
and windows rattled, the observer’s seat moved and hanging objects swung east- 
wost. 

Meherpur, 

S, Sarker, Svhdivisional Officer , — One continuous shock felt by all. Doors 
rattled, hanging objects swung east-west, the observer’s scat moved and slight 
plaster cracks appeared in a few buildings. 
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MultSHIDABAD DISTRIOT. 

Jangipur. 

8. C. Das Oupta, Circle Officer. — ^Very narrow fissures, about an incJi 
aligned north-south on the cJiars (shoal) close to the water level, on both the banks 
of the Bhagirathi river. Some cracks appeared in pucca, semi-pitcca brick buildin^r^ 
and mud huts. 

Murshidabad. 

Snbdivisicmal Officer, Murshidabad, — ^Two shocks with an imperceptible break. 
A deep roaring was heard. Doors and windows rattled, branches of trees swayed 
as in a storm. Hanging objects swung north-south and loose objects fell north, 
Walls of buildings were cracked and portions of old walls and buildings collap.se(l. 

Lalbagh. 

SMivisional Officer, Laibach. — ^The shock was accompanied by a nnnbling 
noise and was felt by most people. Doors rattled, hanging objects swung N. E.— 
S. W., and loose objects were thrown in the same directions. Walls of buildings 
wore cracked and many old buildings in the town partially collapsed. 

Berhampur. 

8 . N. Boy, Medical Officer* — One shock gradually increasing in intensity and 
tlien dying out. A rumbling sound was heard during the shock, which was fcJt 
by most people. Hanging objects swung, loose objects were thrown down and 
walls of buildings were cracked. Some walls and portions of old buildings collapsed. 

Jessore district. 

Bangaon. 

Suhdivisional Officer, Bangaon, — He felt about half a dozen shocks. Doors 
and windows rattled, hanging objects swung east- west, his seat was shaken and 
walls of some old buildings were cracked. 

Jessore, 

Sudhir K, Basu. — One uniform shook which was felt by many people. Branchr.*^ 
and leaves swung north-south. No sound was heard at Jessore. 

Jhenida* 

Dhirendra N, Boy, — One shock for 300 seconds. Some people were unable to 
stand and some felt giddy. A mango tree was vigorously shaken. A north-south 
movement was felt and a number of buildings wore cracked. 

Magura. 

Suhdivisional Officer, Magura, — One shock felt by many persons. Doors ai.d 
windows rattled, hanging objects swung north-south and his seat moved. 

Faridpur district. 

Faridpur* 

B, M* Ghatterjee, Meteorological Observer, — ^Four shocks for 180 seconds. People 
at rest felt the shocks, hanging objects swung and loose objects fell. Walls of 
some buildings were cracked. 
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Dacca district. 

Dacca. 

B. G. Prance^ Colkctor . — Five or six shocks which were felt by persons at rest, 
poors and windows rattled, fans, oto., swung north-south and Lis seat moved. 
A few buildings wore cracked. 

Mymensinoh district. 

Tangail. 

M. J. Cafriit, S. D. O. — One continuous shock with a slight rumbling as of heavy 
tiaffic at a distance. It was felt by most people, doors and windows rattled, and 
loose objects fell. Several buildings were cracked, 

Mymensingh, 

J. K. Sen, Inspector of Police. — A mild shock was followed by a second one of 
great intensity, and was preceded by a rumbling noise. Trees shook violently 
and water in a tank rose to a height of about 30 inches. The observer’s seat was 
ghftken, loose objects fell and some buildings were cracked. The direction of 
movement was north-south. 

A. Ghazi. — One continuous shock for 180 seconds. The replies arc in accord 
with isoseismal VI. 

Netrakona. 

B. N. ChaJeravariy, S. Z>. 0.— -One severe shock causing dcojs and wiiuh.ws to 
rattle. Hanging objects swung east-west. The Ih'spensaiy, Jail and seme 
private buildings were cracked. 

Pabna district. 

Pahna. 

K. Bagchi, Deputy Magistrate, — Several shocks in quick succession at an interval 
of 40-60 seconds. The shocks w^ere preceded by a rumbling noise as of a train 
at distance or the approach of a rain storm. All clocks placc'd at a lieight of 12 
feet or more from the ground stopped, those below this height did not all stop. 
The first movements wxre definitely east-w’est but changed to north-south. A 
boy riding on a bicycle in a north-south direction was thrown down. Western 
and eastern walls in some buildings had small plaster cracks. 

S. 0, Dutt, Assistant Engineer . — Three shocks travelling in a N. W. — S. E. 
direction. A rumbling sound was heard at the commencement of the slioeks. 
Trees shook slightly and some east-west walls were slightly cracked, 

RAJSHAm DISTRICT. 

Rajshahi. 

A. 8. Larkin, District Magistrate, MajsJiahi Dist, — I’hrec shocks jirecedcd ])y a 
rumbling noise like that of an omnibus at a distance. P'oors and windows rattled, 
banging objects swung east-west, loose objects were thrown down in the same 
direction, the observer’s seat moved and walls of some buildings were cracked. 

Nator. 

N. Sanyal, Medical Officer , — Several continuous sLccks felt by persons at rest, 
rioors rattled, hanging objects swung and his scat moved. 
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A, K* GJuikraburty, Headmadter^ High School, — One continuous shock in 

N. W. — S. E. direction. ^ 

B, N. Banefjee, Stationmaster^ E, B, B , — Three shocks. Some walls of the 
station buildings were cracked. 

Dighapatia. 

D, N, Ohahrahurty, Headmaster^ High SchooL^A rumbling noise was heard 
during the shock, which had a to and fro motion. Doors and windows rattled 
and loose iron posts swayed east- west. 

Naogaon, 

P, M. Dutt . — A continuous oscillating movement in a N. W. — S. E. direction 
was folt. A sound like that of a motor car was heard before the shotk. Walts 
of some buildings were cracked. 


Malda district. 

Nawabganj, 

Circle Officer, — Two shocks. During and after the shocks a sound resembling 
the passing of a car at a distance Was heard. Doors and windows rattled, han^intj 
objects swung east*west and the observer’s seat moved. Some of the walls 
old buildings were cracked over door and window openings. 

Malda, 

S, Rahman, S, D, O,, P, W, D, — One continuous shock, making standing: 
diflicult. Hanging objects swung north-south. 

R. Das, Meteorological Observer,— Hwo shocks preceded by a rumbling n()is(' 
like that of a motor ear. The sound continued during the shocks. Doors arid 
windows rattled, hanging objects swung north-south, the observer's stnit nio\('(l 
and pucca and semi-jjucca. buildings were cracked. One or two verandahs (•olla]i‘^('d. 

Sibganj, 

A, T. Maiulal, Headmaster, M, E. School, — One shock preceded by a rumbling 
noise. Doors and windows rattled, hanging objects swung north-south and ibo 
observer’s seat moved. 

ChandpuTy Chowdala P, 0, 

Muhammad L. Rahman, Headmaster, M, E, School.— Two shocks aecompanied 
by a rumbling noise as of an aeroplane. Hanging objects swung ca-st-west ; east- 
west walls of some pnccu buildings wore oraoked. 

Boqra district. 

General (Bogra dist.). — A large number of reports from various parts of 1 ngra 
district show that a rumbling noise was hoard before and during the shocks, s(’vcr:il 
in number according to some and one continuous shock according to others. The 
majority of reports are in favour of an east- west movement, but others are cqanlly 
divided between N. W. — S. E. and N, E. — S. W., and some observed a uodli' 
south movomeut. Doors and windows rattled, and the shaking of the observer s 
seat was a common feature. Loose objects were tlxrown down and walls of 
buildings were slightly cracked in some places. 
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Bogra. 

B, Mukherjeet S, J). 0., P. W, D.— A series of tremulous vibrations for 150 
seconds. * The apparent direction of the shock was north-souib ; t lie ix iidulum 
of the office clock, fixed on the cast wall, stopped after tjio quake was ova r, A 
sound, like that of a lorry, was heard travelling oast-west and it lasted about :10 
seconds. Some east-west walls were slightly cracked. 

//. P. Boify Superintendent, Edward Industrial SchooL — One shock ]u‘('C('ded 
by a sound like that of a motor bus in motion. Doors rattled, hiiiiging objects 
swung north-south, the observer’s seat moved and small cracks ajipearcd lure and 
there on the walls. 

District Suh-Eegistrar , — ^Three shocks preceded by a faint noise as of a motor 
car at distance. Hanging objects swung north-south. Doors and windows rattled, 
and some people felt a N. W. — S. E. movement. 

HilL 

S, iV. Oupia>, Headmaster, Rama Nath IL E, School. — One c<mtinuous sho(tk 
lasting 240 seconds. It was preceded by a rumbling noise wliieh continued till 
the end. Persons at rest felt the shock, doors and windows rattled, hanging objects 
swung and the observer’s scat moved. 

Dinajpur district. 

Balurghat. 

P. C. Sen, Suhdivisionul Officer, Balurghat. — One vibration was followed by a 
pulsating upward movement and finally by another vibrating movcuunt. A noiso 
like tliat of a motor car was heard. Doors rattled and some buildings were oi-ackcd. 

Dinajpur. 

B. 0. Sen, Subdivisioned Officer, Dinajpur. — One continuous shock with a rumb- 
ling sound. Doors rattled, hanging objects swung, the observer’s seat moved and 
loose objects fell. Walls of some buildings wore cracked and plaskw foil from some 
of the ceilings. 

Rangpur district. 

Gaibandha. 

S. 0. Bagchi, Svhdivisional Officer, Gaihandha. -Orn) shock varying in intensity 
and accompanied by a rumbling noise. Movement ap[»eared N. W.— S. E. Doors 
and windows rattled, hanging objects swung and the observ<?r’s seat moved. Minor 
cracks appeared over arches. 

Rangpur. 

M. Dos Gupta, SuMiviaional Officer, 8adar.-~-0m shock for 80 seconds. Hang- 
ing objects swung east-west, the observer’s scat moved and some buildings were 
cracked. 

Kurigram. 

Subdivision al Officer, Kurigram, — ^Three shocks, of w'hich the first was tbo 
strongest. The replies are in conformity with isoseismai VI» 
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LcUmanirhat. 

T, S, S. Ayre. — Felt a side to side and a circular (rotatory) movement which 
lasted about 300 seconds. Trees in the compound swayed in all directions and a 
rumbling noise was heard. 

Nilphamari. 

K. Mitra, Subdivisioml Officer , Nilphamari. — series of intense shocks, dnrijj'/ 
which a rumbling sound like the booming of cannon at a distance was heard. DobrI 
rattled, hanging objects swung, loose objects fell and some of the arches of jyucm 
buildings were cracked. 


Jalpaiguri district. 

Goyerhata {Western Dmrs), 

Subdivisional Officer^ P. W, D, — Two shocks preceded by a booming sound. 
Doors and windows rattled, the observer’s seat was shaken and a few walls had 
slight surface cracks. 

Dhupguri. 

S. G. Duttf Dhupguri Police Station* — ^Two shocks felt by many persons. The 
replies are in accord with isoseismal VI. 

Alipur Duar* 

IL N. McWilliams, S* D. 0, — One shock felt by xi^rsona at rc'st. Doors jmd 
windows rattled, hanging objects swung, loose objects fell down and his scat nioM'd. 
Some cracks appeared in plaster. 

Subdivisional Officer, P. W. D,, Eastern Duars Subdivision. — sound like th ii 
of a rushing storm Avas heard during the shock. Punkah poles, 16 feet long, iiiig 
up to five feet. Water from bath tubs all full, up to 16 inches, splashed out leaving 
about one-third. Arches of pucca buildings were slightly cracked and the lioors 
and stairs of a wooden frame building wore partially dislocated. A dry t^hoal, 
one foot high, in the bed of the Kaljani river was flooded over. 

CoocH Behar State. 

Dinhata* 

iV. N. Uoy. — More than three shocks, which were felt by many persons. Uucis 
rattled, hanging objects swung and trees swayed oast-west. His own scat wa:^ 
shaken. 

Matahhanga. 

M. M, Oanguly, Inspector of Police. — One shock consisting of a series of pul- 
sations. A sound like the distant rumbling of thunder was heard from the north- 
west. Doors and windoAvs rattled and the observer’s seat moved. Loose ubj< its 
fell either north-Avest or south-east. Very slight cracks appeared in some buihJuJg'^* 

Cooch Behar. 

S. G. Bhailaclmrjee, Subdivisional Officer, Gooch Behar. — ^A low rumbling soiuid 
was heard during the one continuous shock. Trees and houses shook violently, 
doors and Avindows rattled. Electric fans sAAmyed north-south. Seats moved 
vehemently, loose objects fell northwards. Walls of many buildings were cracked. 
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JJ, N* DtiU, B*<mzdan AMlkar* — ^Two shocks, pi*eceded by rumbling noiso as 
of a motor oar at a distance. Doors and windows rattled, hanging objects swung 
^ S. E. Walls of buildings were slightly crocked. 

Prinoipol* Victoria (7oMe^e.— Several shocks of varying intensity. Walls of some 
buildings wore cracked. 

jitf. N> Headmaster, Jenkins School — ^Throo shocks. Hanging objects 

swung east-west, a few walls had very small cracks. The tiled roof of a small 
verandah on the western side of the main pitcca school building was detached 
from the wall and sank about two inches. 

B* Bose* — One very strong shock during which a humming noise was heard. 
Trees and houses were shaken and many people felt it difficult to remain standing. 
Loose objects were thrown down, floors and walls of many buildings were (.racked 
and a few buildings were badly damaged. 

Tufanganj. 

Subdivisional Officer, Tnfanganj. --One continuous shock preceded by a rumbling 
noiso os of a motor car. Doors and windows rattled, hanging objects swung and 
the observer’s seat moved. Walls of buildings were slightly cracked. 

Assam. 

Goalpara district. 

Oewerai.— Reports from several villages along a narrow strip of tlie ctamtry, 
on both sides of the Brahmaputra between Dhubri and Go.alpnrti, show that the 
shook felt there was stronger than that in the rest of Goalpara disl rici. A nuuib<;r 
of buildings wore slightly craelcod and a rumbling noise was board simultaneously 
with the shock in some cases. 

Dhttbri. 

D. N. Dey, Meteorologiml Observer.— Eo felt six eontiiiiious sbocka lasting abmit 
175 seconds. The earthquake was felt by persons at rest and was stnaig enough 
to make doors, windows, etc., rattle, to make hanging objects swing and to thiow 
down loose objects. Walls of some buildings were cracked. 

M. A. Choiodhwij, Police Station.— ilo felt one shock for UO seconds. 

Goalfam. 

M. H. Hussain, SvMivisional Officer, Goalpara.— Ev felt one shock for 1 00 
seconds Avhich was strong enough to throw down loose objects and to crack the 
walls of buildings. Hanging objects swung. 

Gauripnr. 

D. G. Chuche/rburty, Bewan, Gauripur Raj Estate.— Ono shock for 180 seconds, 
causing doors and windows to rattle. Some plaster fell. Old cracks in some bouses 
enlarged sbghtly and bricks fell from an already damaged bouse. 

ISOSBISMAL ? VI. 

A small area in the extreme south of the Gangetie delta in Heiigal 
experienced an intensity which can be expressed partly by isoseismal VI and 
partly by V. The area has been separated from cither and included in a 
separate isoseismal marked TVI. 
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Bengal. 

24-Pabgakas. 

Basirhat, 

Circle Officer, — Three Bhocka felt by iiereons at rest. Boors and laUlcil 

and hanging objects swung east- west. 

Suh-Begistrar, — ^Two or three shocks. Movement east-west. 

Hasanahad, 

Snh~ Registrar, — A preliminary shock followed by three shocks of greati r 
sity. A few seconds before the first shock a rumbling noise as of an neropJanc' 
at a great distance was heard, the sound continuing during the shock. Doojy 
and windows rattled and hanging objects swung cast-west. 

Khulna district. 

MollaJiat, 

M, Ali Mollah, Overseer^ Irrigation, — One strong shock for HOC sccoikIh. ])oorH 
rattled, hanging objects swung north-south and the observer’s seat moved. 

Khulna, 

A, R, BosCf Suhdivisional Officer ^ Khulna, — One continuous shock felt by j versons 
at rest. Boors and window^s rattled, hanging objects swung east-west. Some 
buildings wore slightly cracked. 

L, B, Sen Oupta, Meteorological Observer , — Hanging objects swung iiorth-srmtii 
and loose objects fell to the south. 

S, Ghosh, Sectional Officer, — Three shocks felt by persons at rest. Hanging 
objects swung N. N. E. — S. 8. W. 

Stirkhali. 

T, Chahraburty, Sub-Overseer , — One mild shock felt by some persons. Hanging 
objects sw'ung east-west. Boors and windows slightly rattled. 

Saikhira, 

Suhdivisional Officer, Saikhira. — One shock for 150 seconds. It was ft If by 
persons at rest, hanging objects swung east- west and the observer’s seat moved. 

Bagerhat. 

A. N, Roy, Sub-Inspector of Police , — Two shocks for 120 seconds. Hanging 
objects swung north-south and the observer’s seat moved. 

Morrelganj, 

N, A-hmad, Sub-Inspector of Police , — One shock for 150 seconds felt by pci-iroivs 
at rest. Hanging objects swung north-south and the observer’s seat moved. 

Bakarganj district. 

PirojpuT. 

J, N, Sarkar, Head Clerk, 8. D, 0,*s Court , — Three shocks felt by many i>ojronM. 
Boors and windows rattled, hanging objects swung N. W. — 8. E., the ob.^’crvera 
seat was shaken and loose objects fell towards the south-east. Walls of soidc 
buildings were cracked. 
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Barisal. 

gxecuiive Engineer,— Hhreo shocks felt by most pereons. Doojts rattled, hanging 
objects 'Swung and the observer’s seat moved. Water in a borrow-pit on the river 
bank oscillated east-west. North and south walls of tall buildings were cracked 
and the Collectorate building was rather badly damaged. Another report from 
Barisal says that two strong shocks in quick succession were felt. Banging objects 
swung N. W. — S. E. 

Lieut. K. A. Majumdar, 8. D. 0., Sadar Subdivision (North), North Barisal.— 
Six shocks felt by persons at rest, doors and windows rattled, hanging objects 
swung east-west and the observer’s seat moved. 

Sherptir. 

N. 8arkar, Svh-Regiatrar . — One shock for 210 seconds. A rumbling noise, as 
of a motor car, was heard before the shock, which was felt by all persons. Hanging 
objects and trees swayed N. W. — S. E. and the observer’s seat was shaken, 

Dhunat. 

R. Idris, Sub-Registrar, Dhunat . — Five shocks for 180 bcconds. Before and 
during the shocks a sound like that of a motor bus was heard. Doors and windows 
rattled, hanging objects swayed N. W. — S. E., the observer’s seat moved and walls 
of some buildings were cracked. 

Jessore district. 

Narail. 

Subdivisional Officer, Narail . — One continuous shook for 300 seconds, which 
was felt by all. Doors and windows rattled and hanging objects swung north- 
south, 

Mymensingh district. 

Kishorganj. 

R. K. Bhattacharjee, S. D. 0., Kishorganj . — One continuous gentle shock. 
Hanging objects slightly swung north-south. Some buildings wore slightly cracked , 



CHAPTER XXVL 
ISOSBISMAL V+. 

A small portion of the delta of the Mahanadi in eastern Orissa has Wn 
included in iaoseismal V+. Here the mtoisity of the sho(^ was slightly greah^r 
than in the rest of Orissa, which falls within isoseismals V and IV, 

Eastern States. 

Tigiria State. 

Tigiria, 

Sub- Inspector of Police^ Tigiria Police Station. — One shook for 180 seconds. 
It was preceded by a rumbling noise as of a passing motor car. Doors and win- 
dows rattled, hanging objects swung north-south, and his chair rocked a little. 
Some walls were cracked. 


Athgarh State. 

AtJigarh. 

Demarayan Prasad. — One continuous shock for 90 seconds. It was IVll by 
persons at rest, hanging objects swung east-west, and the table on which he 
writing moved. Walls of some buildings were cracked. 

Uhknkanal State. 

Dhenkarutt. 

Subdivisional Officer, Sadar. — One shock lasting about 180 secoiKb:;. A nnii- 
bling noise was heard during the shock, which was felt by persons at rest. Doors, 
windows and loose objects rattled and hanging objects swung north-south. Sliglit 
cracks in walls. 


Orissa. 

CUITACK DISTRICT. 

Cuttack. 

S. Dilwar Ali, Cuttack. — One moderately severe shock for 336 seconds, 
by many people. Chairs and tables moved backwards and forwards. The eht - 
trio wire post on the top of the ijlas swayed north-south. The observer’s scat 
moved and walls of some buildings were cracked. 

Mrs. G. A. Marchant, Winifred House, Banihat, Cuttack. — One jolt followc<l 
by severe movements making her feel sick. Duration 300 seconds. Water in a 
tub splashed two and a half inches, at first it moved N. E. — S. W. and then in a 
circular fashion. The shook woke up a sleeping person. Doors and windows 
rattled, hanging lamps swung and her bed was shaken. 

( 328 ) 
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Jajpur. 

Subdivisianal Ojgic&r, He was sitting in court trying a case when, at 

14.15 hours, his seat trembled and he felt a shock which lasted about 240 seconds 
and was heralded by a rumbling noise like that of an aeroplane flying overhead. 
Doors, windows, chairs, tables, etc., rattled and many people felt giddy. The 
branches of a peepul tree swayed N. W. — S. E, 

B. B. Babu , — He felt one shock lasting 180 seconds. Just previously there 
was a rattling sound, which resembled that of the tail end of distant thunder. 
Doors and windows rattled, hanging objects swung north-south, and the observer’s 
seat moved. The floor and walls of the local Post Office and those of the Sub- 
Registrar’s Office were slightly cracked. 


ISOSEISMAL V. 

Punjab. 

Karnal district. 

Panipat. 

Khan Sahib Khan Ahrnad Haran Khan, Deputy Gommiadoncr , — Half a dozen 
inild shocks for 60 seconds, which were felt by many persons. Doors and win- 
dows rattled and hanging objects swung north-south. 

Rohtak district. 

Rohtak. 

IL Lincoln, Deputy Comrniasiomr . — One long tremor for 120 seconds. 
Doors and windows rattled, hanging objects swung north-south. The Treasury 
(office, an old building, had a crack or two in the east-west wall from top to 
bottom. 

Gurgaon district. 

Gurgaon, 

A. lluaaain, Deputy Gommiasioner , — Three shocks for 90 seconds in quick 
succession, the middle one being quite severe. Doors and windows rattled, hang- 
ing objects swung and the observer’s seat moved, A few buildings were slightly 
cracked. An increase in the water and temperature of the hot sulphur springs 
of 8ohna was reported when the shock was fairly strong. 

Loharg State. 

Lokaru. 

S. Af. Tahir, Secretary, Loharu Stale . — One shock lasting about 60 seconds. 
A sound as of a railway train in motion was heard. Small loose objects rattled 
slightly and hanging objects swung. The observer’s seat moved and walls of 
some buildings were cracked. 

Z 2 
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United Provinces. 

DfiHKA Dun uistmot. 

Chakraia. 

Asaistani Superintendent, — Two strong shocks for 6<) seconds whkh vii nr, 
ously shook his seat and writing table, 

BhatUiy Mmsoorie, 

Janki Nath. — ^Two shocks felt by persons at rest. Doors and windows raUl(v} 
hanging objects swung N. W. — S. E. and the observ^er’s seat moved. 

Dehra Dun. 

Haig Observatory , Survey of India. — One shock recorded by seisin ofrraph at 
14h. 15m. 14s. (I. T.). The duration of the shock as recorded })y Hk; 

seismograph needle was 3h. 50m. 00s. The shock was felt by personn at icst 
and caused hanging objects to swing. 

G. AcUmy District Magistrate . — One continuous oscillation for five seconds. 
There was a rapid movement of the ground in a N. E. — S. W. direction. Eloctrif 
lamps swung slowly north-south about six inches each way. The Forest Fcsoai(h 
Institute was very slightly cracked. 

H. E . Eodrigries, P . W. Inspector^ E. I. li. — One sliock. Wall cIocIvh <1, 
hanging objects swung and his seat rocked. 

Raiwaki. 

M. Oanapati. — The observer was in a railway carriage which wjis «tati(liii}^ 
at Raiwala station. He felt three shocks which slightly shook his seat. 

Gakhwal district. 

Pauri. 

R. P, Khanduriy Kanungo. — Two shocks during and after which a faint sound 
as that of distant thimder was heard. Doors, windows and loose objects rattled 
a little. 

CJiamoli, 

S, Singh, Naib Tahsildar. — Two shocks which travelled from the suu{li-( ast. 
Doors and windows rattled, hanging objects swung and his seat moved. 

of some buildings were slightly cracked. 

Jammigar. 

P, Robertson, Deputy Conservator of Forests. — A continuous tremor with tin* «' 
or four more violent phases lasting 130 seconds. Shaking of floor made f^tandiuu 
uneasy. The table lamp rocked east-west and some plaster fell from the mef 
of the rest house. Boulders (Siwalik conglomerate) were dislodged from elitts 
and leaves of trees quivered. 

Saharanpur district. 

Saharanpur. 

OivU Surgeon. — One shook causing doors and windows to rattle. Electro* 
li^ts sprung east-west and pictures moved in the same direction. 
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Roorkee. 

B. J, Puri, MeteordogiccU Observer. --One shook lasting 60 seconds. The 
shock was felt by persons at rest and oaiisod doors to rattle. Hang ing objects 
swung and his seat moved. 

Laksar. 

Bam Prasad . — Two or three shocks which were felt by persons at rest. Doors 
and loose objects rattled, hanging objects swung, his scat moved and some loose 
objects were thrown. 

Muzaffarnagar district. 

Mtizaffarnayar. 

The Collector.— lie felt throe shocks of which the last was the strongest. T)ura- 
tioii 80 seconds. Hanging objects swung east- west. 

Bijnor district. 

Najibabad. 

A. N. Kapoor, Inspecior of Works, E. I. M . — Two continuous shocks of which 
the second was the more severe. Boors and windows rattled, liangiiig objects 
swung, and his seat moved. 

Naib Tahslldar . — Three shocks. Loose ol»jects rattled and hanging objects 
swung (nist-west. 

Mkehut district. 

Hapur. 

Amar Singh, Inspector of Works, E. /. 11 . — One continuous shook accom- 
panied by unusual ringing and croaking sound duo to doors and windows. His 
eluiir shook. The shock did not awaken sleeping i)oople. 

BuhANDSHAlIR DISTRICT. 

Bulcifulshahr, 

li. Johnston, Collector . — One strong initial shock followed by minor tremors. 
Water in a pot was agitated for 120-180 seconds. Tlio direction of tlio shock 
aj){)earod to bo cast-west. 

S. S, Pathak . — Two shocks felt by persons at rOvSt. Doors and windcjws 
rattled and hanging objects swung. Some walls were cracked. 

MoRADABAD DISTRICT. 

Montdabad. 

A. 0. Evans.— T\ro shocks. The lawn moved in waves after the manner of 
A corrugated iron sheet. 

4f. S. Ahmad, A. S. W., E. I. J?.— Two shocks. Doors and windows rattled 
and hanging objects swung. Some of the bungalows were slightly cracked. 

OhfOiidhri Mam Bahadur, Tahsildar . — One continuous movement with two 
shocks. Hanging objects swung north-south. 
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Budaun district. 

Gunmur. 

Pandit Gkandar Hans, Naih Tahsildar. —I>UTation 60 seconds. Those sleeping 
or walking did not feel the shock much. One shock causing doors, etc*,, to rattle 
was felt by persons indoors as their seats were slightly moved. 

BisaulL 

Hari Sankar, Tdhsildar. — One shook for 120 seconds. Doors and window s 
rattled, hanging objects swung and water in a bucket quivered. Persons rostiiig 
felt the shock. 

Sahaswan, 

Ram Nath, Kanungo. — Three shocks lasting 240 seconds. A faint sound as 
of working motor machinery was heard. Persons at rest felt the shock, (1001*8, 
and windows rattled and hanging objects swung north-south. His seat was shaken 

Budaun. 

Pandit Sri Ram. — Two or three slight shocks for 90 seconds. Doors and win- 
dows rattled, hanging objects swung north-south and some loose objects were 
thrown either west or east. His seat was shaken north-south. 

Dataganj. 

Naih Tahsildar. — Two shwiks in succession for 128 seconds. The shocks were 
felt by persons at rest, doors and windows rattled, hanging objects swung east- 
west and some loose objects were thrown w^estwards. Walls and arches of Data- 
ganj Bench building were cracked. 

AlMOEA DISTEICT. 

Bageswar. 

F. N. Crofts, Assistant Commissioner. — He felt one shock which was acconi- 
panied by a slight rumbling noise as of distant thunder. Doors and windows 
rattled, hanging objects swung and his seat was shaken. 

Alnwra. 

B. B. Lai. — One continuous shock. Doors and windows rattled, and hin bed 
rocked south-north. 

Naini Tal district. 

Mukteswar. 

K. N. Tevmri, Meteorological Observer. — ^A strong shock for 60 seconds was 
followed by a mild one for ten seconds. A rumbling noise was heard during tlie 
first shock. Doors and windows rattled, hanging objects swung and some 
objects were thrown down. 

Ramnagar. 

B. Abraham, Naih T ahsildar. moderate shock for 90 seconds. Doora 
and windows rattled and hanging objects swung. 

Kashijmr. 

H. D. Paul, Chairman, Municipal Board, — Three shocks for 90 seconds. A 
‘ hissing ’ sound as of an aeroplane in the distance was heard. Persons at res 
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felt the shook, doors and windows rattled, hanging objects swung and the obser- 
ver's seat movodi Walls of two buildings had a few cracks. 

Baxjmr, 

J, Singh, Naih Tahsildar , — One eontinuous but slight shock for 120 seconds 
which was felt by persons at rest. 


Haldwani, 

H* B, Bhundari , — One slight shock for 180 seconds. Persons at rest felt 
the shock and doors and windows rattled. 

PtLIBHIT DISTllTOT. 

PilibhiL 

Moshin Ali * — Felt three strong shocks. I’ho movement-s were cast- west. 
Four or five walls were slightly cracked; 

HeadmaMer, DrumnuMd Government High School . — One continuous shock which 
caused hanging objects to swing east- west. 


Rajputana. 

Ajmere-mebwaiu district. 

Ajnme, 

Meteorological Observatory, Ajmere . — One continuous shock for 64 seconds at 
14- 16 hours. Persons at rest felt the shock, doors and windows rattled, hanging 
objects swung and some loose objects were thrown down. Walls of the Govern* 
incnt High School building were cracked. 

Alwar State. 

Nimrana. 

Raj Bahadur, Diivan ^ — One strong shock for 180 seconds at 14-16 bouts. He 
felt the sh<x}k whilst sitting on the second storey of his house ; it caused doors 
and windows to rattle and loose objects to move. Hanging objects swung north- 
Hniith and some looser objects fell either north or south. 


Ji^iPUR State. 

Jaijmr. 

Head Observer, Meteorological Observatory i — Several continuous shocks wete 
felt travelling W. S. W.— E* N. E. Duration 300 seconds. Doors, ^ windows, 
chairs, loose objects and the observer’s table rattled. The observatory chapper 
(shed) showered dust and a portion of the jiuexa wall had a superficial crack. 

Education Member, Council of State, Jaipur . — Two deserted btnldings in a dila- 
pidated condition in the Cbaksu town collapsed. 
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JoDHPUB State. 

Samhhar. 

Tht Bahim of Sambhar^ Manoa/r . — ^About a dozen shocks for 90 seconds. Per- 
sons at rest felt the shook, which caused doors and windows to rattle and hangiiiu 
objects to swing north-south. Walls of buildings had a few itninor cracks. 

Kjshangarh State. 

Kishangarh, 

E. Singh , — Generally there was one shook but in some places two shocks were 
felt. Total duration was three seconds. A sound like that of a motor lorry was 
heard. Doors and windows rattled, hanging objects swung N. E. — S. W., and 
his seat moved in the same direction. 

Law A State* 

Lawa, 

N, S. Narain, Kamdar, Lawa Chief ship , — Two shocks for 60 seconds. Most 
people felt the shocks. Doors, windows and loose objects rattled and liaiigiog 
objects swung north-south. Some walls were cracked. 

Tonk State. 

Tonk, 

Mertiher^ State GounciL — A slight earthquake shock sufficient to be felt Ijy 
persons at rest and to make hanging objects swing. 

Gwalior State. 

IJjJAIN DISTRICT. 

Ujjain. 

G, S, Apte^ Superintendent, Shree Jituaji Observatory , — One mild shock 
45 seconds. Roofs of corrugated galvanised sheet iron made a rattling noif^c. 
The shock was felt by persons on the upper storeys of houses, persons on the ground 
floor did not feel it. Loose objects on upper storeys of houses rattled and hanging 
objects swung north-south. The shock caused cracks in the walls of old and dila- 
pidated buildings, 

BhiLSA DIvSTRIOT. 

Bhilsa, 

Dattairaya Sridhar Datar , — Duration 120 seconds. Two consecutive shocks 
followed by a creaking sound of the walls. The whole house appeared to be puslu d 
as it were from below. Corrugated galvanised iron sheets, slabs, etc., on the roef 
and doors and windows rattled. Persons at rest felt the shocks which cau.^:d 
hajiging objects to swing. 

Essai, P. W. 0, /. P. B , — One shock lasting about 180 seconds. Doors 
and windows rattled, hanging objects swung N. E. — S. W. Some walls were 
cracked. A stack of cast iron chairs fell towards the west. 
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Central India. 

SiTAMAU State. 

Sitamau, 

SUamau Darbar, — slight shock. 

, Dewas State. 

if. F. Deolehar^ Meteorological Observer. — One shock for three seconds. It 
felt by persons at rest, and caused doors and windows to rattle. Hanging 
objects swung and the observer’s seat moved. 

R, J. ManJcar, Offg. Political Member. — The shock lasted bO seconds and was 
of slight intensity. It made doors and windows rattle. 

Indore State. 

Wazir-ud-Dowlah Rai Bahadur S. M. Bhapna, C.I.E., Prime Minister to H. H. 
the Maharaja, Holkar, has supplied the following reports from the various pargamts 
of the state. 

Manasa. 

One continuous shook for 120 seconds. There was a slight rattling of doors. 
A house in Alhed village was damaged. 

Itampiira. 

Several shocks of which the first was strong and the rest mild. Duration 180 
seconds. The shocks were felt by persons at rest, and the «lire(;tion ap [beared to 
l>e east- west. Doors rattled and a house cracked. 

Bhanpura. 

Walls in the second storeys of some houses were cracked. 

Garot. 

Three shocks for 180 seconds. A sound like the rustling of leaves was heard 
before the shook. Doors rattled. The direction of tlio shocks was N. E. — H. W. 

tiunel. 

Pour shocks for about 120 seconds. Direction north-south. Doors rattled. 

Zirapur. 

One shock for ten seconds. Doors rattled. Direction of the shock nor th — 
south. 


Mehidpur. 

One shock for eight seconds felt by all except those who were walking. Loose 
objects rattled and seemed to move north-south. A few cracks in some houses 
were reported. 


Parana. 

Two slight shocks lasting about 120 seconds and were felt on the s<icoud storey 
^f houses. Loose objects rattled and seemed to move north -soutii. 
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Kannod. 

One slight shock for four seconds. Doors and loose objects rattled. 


One slight shock. 


Klmtegaon. 


Kantaphor, 

One slight shook for four seconds. Direction of the shock east-west, 
and windows rattled. 


Hoors 


Khilchipur State. 

KhilcJiipur. 

Indar Singh, — One big shock followed by two tremors. Duration 120-180 
seconds. Tlic shock was felt by persons at rest. Doors and windows ratlkd 
and hanging objects swung. 


Rajgarh State. 

Rajgarh, 

The Diwan, Eajgarh State. — One shock preceded by a rolling sound and whirh 
continued until 30 seconds after the shock had ceased. The shock was sufiiciently 
strong to awaken a boy who was asleep. Doors and windows rattled and lian^ing 
objects swung north-south. 

Narsinghgarh State. 

NarsingJigarh. 

The Dkmn, Narsinghgarh State, — One slight shock lasting about 60 secraids. 

Bhopal State. 

Sehore, 

W* E. Essai, 0, I, P. B, — One shock for 30 seconds. The roof of tho oilice 
rattled. 

Bhopal, 

Sujierinfendent, Meieorological Station. — ^The observations were made at tlu* 
Military Club bungalow^ on a hill-side at an elevation of 1,800 feet. One continu- 
ous vibration lasting 120 s(‘eonds was felt. Doors and windows rattled and hang- 
ing objects swung. There were some plaster cracks on tho walls of the bungalow. 
Tho ornamental pillars oh the roof vibrated rapidly and wireless poles swayed. 

B, H, IleapSy G, I. P. B. — Two or three shocks for 180 seconds. At first 
his scat moved slightly, then the roof creaked and tho verandah tnovod notice - 
ably and doors were shaking. Glasses on a side table were shaking sUadiiy^ 
Ceiling fans and lights swung. The movement was very noticeable on tlie first 
floor of the Imperial Bank (a two-stotey building), fans and hanging lights 
swung in a large circle and a lady felt sea-sick. 

Barkhera. 

W, Y. Zin^ke, 0, I, P, B* — One continuous shock for 180 seconds. Doors 
and windows rattled and some hanging objects oscillated. 
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Rewa State. 

Umaria. 

Meteorological Observer. — One c(Hitmuoua shock of moderate intenaity for 300 
seconds. Doors and windows rattled, hanging objects swung and the olwervor’s 
seat moved. One wall of the local school building was cracked. 

A. B. Boy, Burhar Colliery (81° 36' : 23° 11'), DJumpuri. P. 0.-- -Time, 1415- 
14- 18 hotirs. One shock which commenced gently, rose to a maximum after (R) 
seconds and diminished in intensity after 120 seconds. A noise as of an approach- 
ing train was heard just before the shock. A brick and cement retaining wall, 
about 16 feet high, was cracked from top to bottom. 

Central Provinces. 

NAR'JilNGHPUR DISTRICT. 

Narsinghpur. 

Met'eorological Observer , — Two shocks at intervals of five minutes. Chairs, 
tables and other objects were shaking. Some loose objects fell down. 

JUBBULPORE DISTRICT. 

Munvara, 

M, L Ansari^ Tahsildar , — One shook. Doors and windows raitkMl, a punkah 
swung east-west and Ids chair was shaken. 

Sihora, 

TaJmldar , — One shock was felt by persons at rest, doors rattled and hanging 
objects swung east-west. A peculiar sound like that of an aeroplane was luavrd. 

Palan, 

Naih Tahsildar , — ^Two shocks which were felt by persons at rest. Doors rattled 
and hanging objects swung north-south. The observer’s seat moved and walls 
of Inuldings were cracked in many cases. 

Deori. 

Slation Master, 0, /. P. P.— One moderate and continuous shock lasting 
180 seconds. It was preceded by a thundering noise aftcu' which evciy thing 
started to shake. Hanging objects swung N. E. — S. W., observer’s seat moved 

and loose objects were thrown towards the north-east. A few cracks appeared 
in the 3rd class waiting room. 

J ubbulpore, 

Bubdivisumal Officer, Jubhulpore , — The earthquake w;is felt in general, floors 
rattled, hanging objects swung and the observer’s seat mov<al. The District 
Court buildings were slightly cracked. 

B, M, A, Butt, Assistant Engineer, Ilmdquarters subdivision -~Ox\o shock 
Was felt by many people and caused doors and windows to rattle. Walls of some 
buildings were cracked. 

E, C, Kapoor, Assistant Engineer, Roads subdivision , — ^Tiirco shocks preceded 

a rumbling noise. 
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Oumaon Engineer . — ^Two shocks folfc by persons at rest. Hanging objeofea 
swung and the observer’s seat moved. 

Nibiar district. 

Piplani. 

0. 8ingh, Boohing clerks 0. /. P. J?.— Two mild shocks at 14-20 hours 
Hanging objects swung east-west and loose objects were thrown either east or 
west. 

Hoshanoabad district. 

Pachmarhi. 

Mdeorological Observer . — One shock for 120 seconds. A sound like that of a 
railway train approacliing a station or of a motor car at speed was heard durin^r 
the shock, which was felt by persons at rest. '‘Doors rattled, hanging obje('U 
swung and the observer’s seat was shaken. 

Sohagpur. 

Tahsildar.—Ono shock felt by persons at rest. Doors rattled, a funhaU moved 
east-west but the observer’s seat moved north-south. Two stone pillars support^ 
ing the roof of the verandah moved half an inch. 

Gadarwara. 

P. Q, Bruce, Deputy Commissioner . — ^Two shocks felt by persons at rest. The 
punkah moved north-south, trees moved as if there were a slight breeze althout(|i 
none was felt, A motor car facing south-east moved backwards and forwards. 

Gadarvada, 

District Commercial Inspector, 0. /. P. R . — Several shocks, causing a s(‘ns(> 
of giddiness to some people who felt it difficult to stand. Doors, windows, pots, 
C. I. sheets on roof, etc., rattled. Some loose objects fell and the obsorv»a’.s 
seat was shalcen. 

- Iloshangabad. 

8. Bhaguxit . — ^Two shocks, the second being stronger than the first, were h lf 
by persons at rest. Doors rattled, banging objects swung and the obs<‘rvoi’M 
seat moved. 

According to Mr. P. G. Ikuco, the Deputy Commissioner, Hoshaiiga[»ad 
district, a crack in the Church wall widened and a door frame in the 1). bua- 
galow sank about an inch. 

Itarsi. 

B. F. Peters . — Several shocks lasting 180-240 seconds. Doors and windoA/s 
rattled and the obseiwer’s seat was slightly moved. 

F. Welsh . — Two shocks for 120 seconds, the first shook was strong and the 
second one weak. Doors rattled and hanging objects swung east-west. 'Hio 
shocks were felt by persons at rest. 

R. A. Arathoon . — Continuous shocks lasting 120-420 seconds. At first a 
rocking motion and then a circular motion was felt. All the three wall 
of the railway running room stopped. 



ISOSEISMAL V. 


339 


Bhilakheri. 

0. /« JP* /?. On© ©light shock for 240 scconrls. Hanging 

object swung. 

KhtUwansa. 

Siatimniadery G, L P. i?.- -Timo 14*12— 14-15 lioiira. On<^ smart shock lor 
IgO seconds, glasses of two lami)s on the platform wore smashed. 

Dharamkundi. 

Stationtnuster, O. /. P. P.— Several strong shocks in (piick succession l;uding 
about 180 seconds. The block instruments were giving very alight atriltcs. 

Banapura, 

Stationma'Ster, 0. L P. P.— One continuous but slight shock for 180 seconds. 
Hangmg objects swung north-south. 

Seoni Malwa. 

Stationmaater ^ — ^Two shocks separated by an inttTval of about one ininuh^ 
the second shock was the stronger of the two. 

Pagdh/iL 

StationmaateTy G, /. P. P. — One shock for 180 seconds between 1115 and 
1418 hours. 

Ohhidgaon. 

Damodary Boohing clerky 0. /. P. P. — One shock at 14‘15 liours lasting 180 
seconds. A noise like that of a running train or a motor lorry was hoard during 
the shock, which was felt by persons at rest. Some loose objects fell. 

Tiniurni. 

Assistant Stationmastery G. I, P. P. — Two liglit shocks for two seconds at 
14-20 hours. Doors and windows rattled a little. 

Charkhera. 

’ Stalionmasicry 0, /. P. P. — One shock for 60 seconds. The observer’s scat 
was shaken. 

Hardu. 

Taksildar, — Twd shocks felt by persons at rest, dooi’s and windows rattlcxl 
and hanging objects swung. The observer’s seat moved. 

Stationmastery G, I. P. P. — One shock for live seconds. Doors ami win- 
dows rattled, 

Paldsner. 

Stationmastery O, /, P, P. — Two slight shocks at 14- 17 hours. 

Bhiringi, 

Stationmastery G. /. P. P.— Two shocks at an interval of five minutes, each 
shock lasting for a second or two. 

Khirkiya. 

StaUonmastery O, /, P, P. — One slight shook for 150 seconds. Hanging 

objects swung very sliglitly. 
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Chhindwara district. 

Amarwara, 

M, Hasan* — One shock preceded by a sound like that of a motor car. 
Hound histed throughout the shook, which was felt by persons at rost and caunod 
doors to rattle. 

Junnordeo, 

P, II, Kitchen, Ohoratvary Collkry , — One shock felt by persons at rt^st, Doory 
rattled and two cracks appeared in the walls of the Manager’s bungalow. 
Qhagri Bercui GoUiery, — One shook felt by persons at rest. 

Iklehm. 

R, N, Khare, 0, L P. i?.— One slight shook for 300 seconds. It moved the 
observer’s seat. 

Parasia, 

W, J. B, Eef/nolds, Ghandanietta Bungalow, — One shock increasing in inten- 
sity and giving place to a vibration towards the end. A tilting sensatum wa^ 
felt. Loose objects rattled and the bungalow was cracked. 

CJmidametUi, 

J), W, Bell, — Four shocks causing roof and coiling of the bungalow to raitio. 
A i)imkah swung north-south and crockery and glasses vibrated. 

Barkuhi, 

S, Mazheraddin, East Barkuhi GoUiery, — One shook. Doors and windows 
rattled, hanging objects swung east- west and the whole place rooked. 

Another report from Barkuhi states that three days after the earthtiuakc there 
were severe falls of roof in two of the coal mines. 

Chhindwara, 

No report is available from Chhindwara but Mr. A. E. Turner, District 8ii|Kwiii- 
k'ndent of roli(;e, Chhindwara, reported that water in a hot sulphur sprifig at 
V. Anhoni, near Mahuljhir on the Hoshangabad border (23° 35' : 78° 36') became 
hotter tlian usual and bubbled vigorously with sulphur. The level of th(3 wakr 
was about 18 inches higher than usual at the time of the earthquake and was six 
inclios higher than normal after about ten minutes. It then settled down to its 
original level. 

Sansar, 

8. B, 8hidhaya, Pleader, — One shock with a sound like that of a train pass* 
ing. Doors and windows rattled, hanging objects swung and the observer’s scat 
moved, 

Mandla district. 

NitvorS, 

Naib I'ahaildar, — One continuous shock preceded by a sound like that of a 
motor car, coming from the north. It was felt by persons at rest and caused 
doors and windows to rattle. 
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Manila. 

Secretary, Municipal Gommittee.--One strong shock for 120 seconds during 
which a sound liJce that of a motor car was heard. Doors rattled, lianguig object 
swung north-south, the observer’s seat moved and tiles on roof were thrown down. 
In some buildings there were cracks up to Jth-inch wide. 

Dindori, 

:Sfaib TaMldar.--Two shocks preceded by a sound like that of a motor lorry. 
Doors rattled and hanging objects swung. 

Bilaspur district. 

Katghora. 

TaJiMldar, Katghora.--~Two shocks preceded by a noise like that of a heavy 
lorry. The replies to the questions are in conformity with isoseismal V. 

Mungeli. 

Jagat Earn . — One continuous shook with a sound like that of an approaching 
train. Most persons felt the shock, which caused doors and wnidows to rattle. 
Hanging objects swung east-west. Hair cracks appeared in some walls including 
the strong room of the Treasury. Some persons felt giddy. 

Bilaspur. 

Kishori Lai, Talmldar . — The shook was not felt by persons moving on cycles 
ol’ carriages. A few pucca buildings were craked slightly. 

L, F. D. O'Dea, Railway Station Sdtlmient . — Two shocks scqja ratted by ;iri 
intei’val of 30 seconds. Persons asleep hdt as if the bod we re pushed fn)fn Im’Iow. 
Hoases swayed slightly in a nc>rth-south direction. A clock on tht^ w(\stern Avail 
stop|)ed, that on the northern wall did not stop. Hanging flower ])(;ls swayed 
violently north-south. Tiles of roof made a rubbing noise and doors, Avindows 
and bolts rattled. 


Janjgir. 

Tahsildar , — Two shocks in succession accompanied by sounds like that of 
an aeroplane or motor car in motion. Persons resting felt the shucks, doors and 
AvindoAvs rattled and the observer’s scat moved. 

Seoni district. 

Seoni. 

E. S. HydCy Subdivisional Officer . — Two sliocks Avitli a rumbling soiuul like 
that of a car or an aeroplane. Doors rattled and hangijig objects swung oast- 
Aveat. His seat was shaken. 


BaLAGHAT DLSTUICT. ' 

Waraseorii. 

E* K. Titmri, TahsUdar . — One shook preceded by a noise like that of a car 
®-Pproaching. Many people felt the shock and doors and windows rattled. 
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Naopur district. 

Ramteh 

TahsUdar — One feeble shock. Doors and windows rattled, hanging objpt ts 
swung both east-west and north-south. Some of the country tiles foil fi„,u t||,, 
roof of houses and the shock was more felt in double storey buildings tium dso 
M'here. No shock was reported from the hill areas of the tahsil. 

Bhandara district. 

Tirora. 

Mange Officer . — ^Two shocks separated by an interval of 120 seconds. Doof^ 
rattled, the observer’s seat shook and some tiles fell. 


Eastern States. 

Gangpur State. 

Sundargarh. 

H, Dt Christian^ Superintendent, Oangpur State,— One continuous tremor for 
180 seconds. A dull roar as of a car approaching and passing was heard. TLr 
shock was felt by persons at rest. A loose door rattled, water and ink quivered 
distinctly. Hanging objects swung east- west but the observer’s seat did not 
move. Slight cracks appeared only in largo buildings with terraced ro(;fs. 

Bonai State. 

Bonaigarh, 

A. J. Ollenbaoh, Dewan, Bonai State , — Ho felt one continuous shock Listing 
about 180 seconds. During the shock a continuous rattling noise like thnt (,)f 
a passing train was heard. The shock was strong enough to waken people from 
sleep ; doors and windows and loose articles rattled violently, and water in tubs 
spilled out. Hangmg objects swung east-west. Two kutcha walla at Bank, 25 
miles north of the town, were reported to have been cracked. 

Bamra State. 

Deogarh. 

H, McPherson, Superintendent, Bamra State , — He felt one shock at I k 15 hours, 
lasting about 200 seconds. Immediately before the shock a rumbling souiul re- 
sembling “ the approach of a motor car in a strong wind ” was heard. The shock 
was felt by persons at rest, doors and windows rattled, hanging objects s\nmg 
slightly in a N. E.-^. W. direction and his seat vibrated slightly. 

Eairakhol State. 

BairakJwl. 

P. Datia, Medical Officer , — He felt two shocks lasting about one minute. Ihe 
second shock was the stronger of the two. Doors and windows slightly rattled 
and the tiles of the sloping roof of his bungalow fell. The observer’s seat 

moved. 
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Talohbr State. 

Talcher. 

ji, B. Misra, Private Secretan/s Office^ Talcher JRaj.^One shock for 120 seconds. 
It TV as rest, doors and windows rattled, hanging objects swung 

S. W. and walls of buildings were cracked. 

Pal-Lahara State. 

Pal-Lahara. 

J), TripcUhi, Forest Ranger. — He was standing out of doors and recorded two 
j^hooks at an interval of a second or two. Before and during the shocks a rum- 
bling noise, like that of a motor car in motion, was heard. The shock was felt 
by persons at rest, doors and windows rattled and hanging objects moved freely 
from N. E. — S. W, Walls of some buildings were cracked, 

Keonjhar State. 

Keonjhargarh. 

State Engineer. — One shock, lasting 120 seconds, was felt at 14*15 hours. A 
low rumbling noise, like that of a motor car in motion at a distance, was heard 
during the shook, which was felt by persons at rest. Doors and windows rattled 
and his seat was shaken. 

Saraikela State. 

Saraikela. 

Rajah^s Personal Secretary. — Duration 270 seconds. The obseiwer was stand- 
ing and heard a sound like that of a railway engine. Doors, windows and other 
loose objects rattled and hanging objects swung north-south. 

Kharsawan State. 

Kharsawan. 

Bajanikania SaHmgi. — Duration 360 seconds. Two shocks were felt and a 
lumbling noise, like that of a motor on starting, was heard before and during the 
idiocks. Many persons felt the shocks, doors and windows rattled and the obser- 
ver’s seat moved. Loose objects fell both east and west. Walls of buildings 
were slightly cracked and a new building at the palace was slightly cracked. 

Mayurbhanj State. 

Baripada. 

//. A. Onhhay, Retired- Chief Engineer, P. W. D.- He felt twe^ jerky shoc ks 
ftnd some tremors lasting about 150 seconds. Doors and window's rattled and 
the terraced roof cracked and squeaked. Electric ceiling lights and fans swung 
h^ly e^st-west. 

Gurumahisani. 

Deputy Superintendent of Ore Mines and Quarries, Tata Iran and Steel Co., 
Dtd.^The observer was at first indoors and then out of doors. Duration 180 seconds 
'^th a break of 20-30 seconds. Two shocks were felt of which the second was 
stronger than the first. A sound, as if a strong wind were blowing, was heard 

2 A 
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inside the building; outside, a. noise like that of a motor car running at a disliui.i' 
was heard. The first shock caused ink spots on the paper on wlncli ho 
Mi’iting and then he felt as if he wore shivering with an attack of slight agiu^ 
doors the observer felt waves passing under his feet and felt slightly giddy. Floors 
of buildings and sides of adjoining drains were slightly cracked and oFi 
widened. Windows, doors, mosquito poles of the bed, etc., rattled ])ut no ioost 
object's wore thrown. Judging from movmg tree tops the direction of rnovciincnt 
was from south to north. Rattling of window panes gave nearly hv(‘ ii(4^ 
second. Cracks in floors, although in all directions, were more pronuuncf'd on 
the southern and eastern sides of the building. 

Niloirt State. 

Nilgiri, 

Dermn, Nilgiri Stale. — He felt one continuous shock for 240 sccouds. i he 
shock was felt by persons at rest. Doors and windows rattled, and lianging oh- 
jeots swung east* west. 

Orissa. 

Balasore district, 

JaUmm. 

Snb- Inspector of Police^ Jalcstmr* — One shock for 120 seconds. The (il>s('i'vcr’] 
seat was shaken. 

Uemmm. 

8. Tripatty, Remuna Police Station. — One shock for 150 seconds, llis ( liMir 
moved and hanging objects swung north-south. 

Bala.sorc. 

B. Sen Gupta, Civil Surgeon. — A continuous mild shock for 240 sci nnd.;. !t 
was preceded by a rumbling sound and was felt by persons at rest. Doors ;mil 
windows rattled, hanging objects swung north-south and the ob«ci*vrr\s 
moved. 

Office Superintendent, OoUectorate. — One shock for 240 seconds. At I list Uk* 
movement was north-south and then east- west, ti'ees swayed east- west. J)(^ors 
rattled and the observer’s seat moved. 

Suh-Inspeclor of Police. — One shock for 120 seconds. Trees swayed noiilj 
south and some bricks fell from a cracked building. 

Bengal. 

Midnapore district. 

Jhargram. 

K, Ahmed, Suhdivisional Officer, Jhargram. — Two shocks felt by popk- 
Doors and windows rattled, hanging objects swung, loose objects were UiroBii 
down and some of the buildings were slightly cracked. 

Hijli. 

B, N* Bose, Circle ’Three undulatory shocks. Doors rattled, 

objeots swung and a few walls were cracked. 
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Midna^pore. 

Circle Officer, Sadar , people at Midnaporo felt tbiee shucks for 30 seconds. 
Doors rattled and hanging objects swung. 

Pingla, 

S. K. MiUer, Circle Officer, Pingla.— -One shock for 30 seconds. Bool’s and 
windows rattled and hanging objects swung. 

Tamluk. 

Subdivisional Officer, TamluL—Re was at Mahiscidal in Midnaporo district 
and felt one continuous shock with an east-west movement at lirst and afterwards 
it changed its direction. Slight cracks appeared in buildings. 

A. N. JDaud, Sub-Deputy Magistrate, Tamluk , — One coniinuous tremor felt 

all. Doors rattled, hanging objects swung, loose objects fell and his seat moved 
up and down slightly. Trees swayed from side to side and some buildings wore 
slightly cracked. 

Dantan. 

A. C. Mazunidar, Circle Officer . — ^Two shocks preceded by a ‘ mild groaning * 
Bound. Doors and windows rattled, hanging objects swung, and the observer’s 
scat moved. 

Gontai. 

S. B. Malakar . — One mild shook was felt. 

24-Par(4ana8. 

Bishnupur. 

S. K. ChaU>erjee, President, Union Board . — One continuous shock varying in 
intensity. Doors and windows rattled, hanging objects swung east-west, the 
observer’s seat moved and walls of buildings were slightly cracked. 

Diamond Harbour. 

li. K, Boy, S. D. O., Diamond Harbour, —One continuous shock iiujroasing 
in intensity and culminating in a severe shock lasting a few seconds. Most people 
felt (he shock, hanging objects swung, doors and windows rattled and the wall 
of one building was slightly cracked. 

Bakarganj district. 

Patuakhali. 

B. Das Qupta , — Two shocks, for 180 seconds, separated by an iiiUTval of 16- 
20 seconds. The shocks were felt by persons at rest, hanging objects swung and 
the observer’s seat moved. 

KJmpupara. 

Syed Abdul Ali, Sub-Deputy Magislraie. — 3'wo. shocks in quick succession. 
Doors and windows rattled slightly and hanging objects swung !N. W. 8, D. 

Sadar Subdivision^ South. 

Meieorological Observer . — Several shocks coming from a westerly direction. 
Doors rattled, hanging objects swung and the observer’s seat moved. 

2 a 2 
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Noakhali district. 

Lahshmipur. 

S, A. Khan, Circle Officer. — Three ehoc^ for 240 seconds. Doors rattled, hanu, 
ing objects swung east-west and the observer’s seat moved. 

NoakhuU. 

J. C. Majumdar, Meteorological Observer. — ^Four shocks each lasting 16 seconds 
hanging objects swung north-south and the observer’s seat moved slightly. 

Hatia. 

Officer in Charge, Police Station. — Three shocks felt by persons at rest. Dnra. 
tion 180 seconds. Doors and windows rattled, hanging objects swung and the 
observer’s seat moved. 

General {Noakhali District). — Reports from other parts of Noakhali rlistrict 
show that, in general, two to three shocks of slight intensity were felt by persons 
at rest. Hanging objects swung north-south generally. Doors and windows 
rattled and no damage was caused. 

Dacca district. 

Narayanganj. 

Rashid Khan. — Four shocks felt by persons at rest. Doors and windows rattled 
and hanging objects swung. 

Tippera district. 

Comilla. 

P. N. Mukerjee, Subdivisional Officer, Sadar. — Three moderate shocks for 165 
seconds felt by persons at rest. Hanging objects swung W. N. W.—E. S. E. 
The waves were rather long. 

Assam. 

Goalpaea district. 

Reports from villages in Goalpara district show that the ninxi 
mum duration of the shock was 180 seconds. Most people recorded one shock, 
which was strong enough to be felt by persons at rest, to make hanging objr(da 
swing and to cause doors and windows to rattle. In one or two instances a soimd 
like that of a motor car in motion was heard before the shock. 

Goshaingam. 

T. Borah, Sub Inspector of Police. — Duration 180 seconds. The shook 
felt by persons at reel, lb caused doors and windows to rattle and hanging (‘bjeot- 
to oscillate. 

Kokrajhar. 

M. Y, Ali, Sttb Inspector of Police . — ^He felt one shook and heard some Bound. 
Hanging objects swung and hm seat was moved. 

North Salmara. 

Officer in Charge, Police Station. — One shock for 30 seconds which rattled doors 
and windows, swung hangmg objects and moved the observer’s seat. 
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South Salrmra. 

Svh'Inspector of PoKce.— Three shocks lasting 150 soconda. Hanging objects 
swung and the observer’s seat was moved. 

Manhachar. 

p, G, Bkovmih . — Duration 180 seconds. One continuous shock which began 
with a slight shaking and gradually became stronger, when he had to sit down. 
Hanging objects swung slightly and his seat was shaken. 

Kamrup district. 

GauliatL 

A. K. Bhuyan, Meteorological Observatory , — One continuous shock of moderate 
intensity lasting about 225 seconds was felt at U.19 (I. S. T.). The replies to the 
questions are in conformity with isoseismal V. 

H, M* Prichard, Deputy Gommisstoner, Karnrup district . — He was standing on 
a village path talking when the earthquake began. He walked some 200 yards 
down the path and then watched a shallow pool in which water oscillated first 
north-south and then east-west. The shock was continuous but not violent and 
could not have lasted more than six minutes. It was felt by persons at rest and 
mjide doors, windows and loose objects rattle and hanging objects swing. 

NoWGONa DISTRICT. 

General . — One shock the maximum duration of which was felt in Nowgong 
district up to 180 seconds and in some cases as low as 50 seconds. The shock was 
strong enough to be felt by persons at rest and to make doors, windows or loose 
objects rattle, to swing hanging objects and to move observers’ seats. One person 
folt the movement in a N. W. — S. E. direction and another observer felt an 
cast-west movement. 

Nowgong. 

H. PuAwaTt.— -Duration 120 seconds. He was lying on bed and felt one con^ 
tinuous shock which caused doors and windows to rattle. Hanging objects swung 
cast- west. His bed was moved. 


Salona. 

P. N. Ghakramrty, Salona Observatory . — Duration 180 seconds. Continuous, 
slow but severe vibrations which were felt by persons at rest. Doors, windows 
and loose objects rattled and floors creaked. Hanging objects swung and loose 
objects were thrown down. 


SiBSAGAR DISTRICT. 

Titabar. 

B. S. Hamilton Hunf.— Duration 240 seconds. The quake resembled a long 
succession of waves gradually increasing until midway of the duration whoa a 
decided bump was felt and after which the waves gradually decreased. Doors and 
windows rattled. Hanging flower pots, fans and lights began to swing definitely 
east-west. Photos were thrown down and the observer’s seat moved from side 
side. Some walla in the bungalow and factory buildings were slightly cracked. 
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Lakhimpur district. 

North Lakhimpur. 

Suhdiviaional Officer ^ N. Lakhimpur. — Duration 180-240 secondfl. One con 
tinuous but slight vibration of varying intensity felt by persons at rest. Doors 
and windows rattled, hanging objects swung and some loose objects fell. Sligiic 
plaster cracks in high buildings. 

Dibrugarh. 

S. N. Sen. — Two shocks were felt by persons at rest and which caused hanging 
objects to swing. The observer’s seat was moved. 

Garo Hilm. 

Tura. 

W. Shaw, Deputy Commissioner, Qaro Hills. — He felt one contir)no\iij 
shock of varying intensity for 150 seconds. A rumbling noise accompanied the 
shock. Doors and windows rattled, hanging objects swung and walln of aome 
buildings were cracked. 


Khasi Hills. 

Shillong. 

K. Canilie, Deputy Commissioner, Khasi and Jaintia Hills. — A mild shock wnB 
felt for 30 seconds, but slight tremors continued for a longer j)eriod. 

E. A. Elkington, Meteorological Observer. — 14.15 (I. 8. T.). A scries of tremois 
decreasing and increasing in intensity and lasting about 200 seconds. Doois .uid 
windows slightly rattled and telegraph wires swayed. 

Chermpunji. 

A. C. BhaUacharji, Meteorological Observer — 14.10 (I. 8. T.). Throe sliookf^ 
lasting ten seconds were felt. 


Sylhet district. 

Sunamganj. 

L. M. Shome, Suhdivisional Officer, Sunamganj.' — He was sitting in court and 
felt one shock lasting 190 seconds. Doors, windows and loose objects rattled and 
hanging objects swung east-west. Some loose objects were thrown down. 

Sylhet. 

C. S. Gunning, Deputy Commissioner, Sylhet district. — A prolonged (piiverin^ 
shock lasted about 120 seconds. Loose objects rattled and hanging objects swung 
in an east- west direction. The shock moved the observer’s seat and was iAt hy 
persons at rest. 

Habiganj. 

D. Sarnia, Suldhisional Officer, Habiganj. felt a continuous, 

shock for about 320 seconds. It was strong enough to make dcois and windc’n-^ 
jattle and vas felt by j cut ns at rest. The shock moved the observer's uat au 
caused hanging objects to swing* 
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Karimganj. 

H. Qoswmi, Subidviaional Officer, Karimganj.—He was standing out of doors 
and fclt two major shocks,- which were preceded by a series of slight tremors. 
The shocks caused doors and windows to rattle and hanging objects to swing west- 

cast. 

Badarpur Ghat. 

P. Evmis, Badarpur Ghat (24'' 62' ; 92° 36').— One coutiiniouB slight irembhng, 
varying in frequency and lasting 60 seconds. The shock was felt by some (but 
ijot all) jjersons at rest and was strong enough to cause banging lamps and punkahs 
swing. The dimction of movement appeared to be W.— H. E. 

Kulaura. 

K. \\ * B. Marar, Suhdivisionat Officer^ South Sythti . — He h'lt the shock for 30 
seconds at K-uIaura, while lying on abed. The shock caused do(»vs and windows 
to rattle and hanging objects to swing. 

Caohar district. 

Silchar. 

Capt. A. HayihornthwaitCy Civil Surgeon. — Ue hit a continuous 

shock lasting about 175 seconds. Hanging objects swung IVtiJ}. 'Jmvs and 
buildings rocked visibly in an east-west direction. 

Maulvi Ayub B. Ma^madar, Extra Assistant Conmissioncr. — A mild shock was 
Icit for 180 seconds. Doors and windows rattled and hanging objects swung. 

Nasimpur. 

G, F. Wilson, — A series of tremors lasting from 90-120 seconds and causing 
))aiiging lamps and fans to swing. The direction of inoviTucnt was between 
N. VV.— S. kS. E. to H. W.— kS. E. 

Bhutan. 

Eaja Dorji, Agent to tlte Maharajah of Hhuian, writing of the shock at 

Bhutan, stated that only one shock was felt at about 2.31 p. m. The shock lusted 
al)uut 180 secends and was felt by persons at rest. . Doors and windows ratthal, 
hanging objects swung but no damage ap4)eared to have been caused. 


Tibet. 

Gyamtse. 

Capt, F, C. Hailey, British Trade Age 7 it, Uyanlse, TibeL-AW^ was sitting indoors 
and felt only one shock for 20 seconds at about 2.35 p. m. A strong dust storm 
was going on at that time and no unusual sound was beard. The shock could be 
felt by persons at rest, doors, windows and loose objects rattled slightly and a 
lew panes of glass were broken. Hanging objects swung slightly but the shock 
w^«s not severe enough to throw down loose objects. One or two slight cracks, 
mostly in plaster, were noticed. 

Capt. Hailey also reported that a shock of slightly stronger intensity was felt 
at Shigatse at about the same time. 
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ISOSEISMAL IV. 

It haa been found possible to draw an isoseismal within which the intensity 
reached IV on the Mercalli scale, and to distinguish an outer area of lower intensity, 
ni and n. Naturally, along the border of these zones there are many irregulah! 
ties, for which due allowance must be made. 

As within isoseismal IV at the mouth of the Mahanadi, there is also, Avithin 
isoseismal II-III, an area of increased intensity IV at the mouths of the Godavari 
and Kistna rivers. 

Kashmir. 

Srinagar. 

Meteorological Observer, Oovemment of Jammu and Kashmir.— One moderate 
shock for two seconds, 14.20 (I. S. T.— Madras time). Persons at rest felt the 
shook. The shook was strong enough to rattle doors and windows, to make hang- 
ing objects swing and to shake the observer’s seat. 


Punjab. 

Hoshiarpur district. 

Hoshiarpur. 

Khan Bahadur 8. 3. Hussain, Deputy Commissioner. — One mild shock causing 
doors and windows to rattle slightly. 

Kapurthala State. 

Kapurihala. 

Diwan Sir Abdul Hamid, Chief Minister, — Two shocks for two seconds, felt by 
persons at rest. Doors and windows rattled sUghtly. Hanging objects swung 
east-west. The observer’s seat moved. 

JULLUNDUR district. 

Jullundur. 

J, A. Ferguson, Commissioner, JnUundur Divisicm.— 'T^o shocks, 

each consisting of a number of vibrations. Total duration of shocks less tlum J 
seconds. The observer’s revolving chair rocked from west to east. Some 
work in the room began to make a ticking noise at intervals of half a second. ^ 
shock was not felt by aU. Electric light swung slightly anti-clockwise, fan s a 
rocked north-south. , 

TaJisildar. — Three shocks for 30 seconds separated by an interval of ten seconr ^ 
each. The observer felt them whilst sitting on a chair. 

( 350 ) 
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Nabha Statb. 

NabJia. 

jRai Bahadur Diwan Oyan Nath, 0./.Jg?.-~Two shocks for a few seconds. Persons 
at rest felt the shocks, which caused doors and windows to rattle. Hanging 
objects swung and some buildings were slightly cracked. 

Patiala State. 

Patiala. 

Nazim, Bamata. — Two or three shocks. Felt by all who were sitting on cljairs 
in the compound of Sardar Bacbhtar Singh Sahib’s house at Patiala. 

New Patiala. 

Nazim, Patiala. — Two or three slight shocks, doors and windows rattled, hang- 
iiig objects swung and the observer’s seat moved. 

Bhawanigarh. 

TahsUdar. — 15-20 shocks were felt in the upper storey of his house. Doors 
and windows rattled and his seat moved a little. 

Kanda Ghat. 

Tahsildar . — Two or three very slight shocks. 

Hissar district. 

Hissar. 

Superintendent, Oovernment Cattle Farm. — ^Three shocks at short intervals of 
about a second between the first and the second and about 60 seconds l)etween 
the second and the third. Doors and windows rattled. 

Simla district. 

Simla. 

Dr. D. F. Michael, Archdale, Simla. — One continuous shock for 40-50 seconds. 
iSliding glazed windows shook and rattled. Ceiling lights swayed and the chair 
on which the observer was seated trembled slightly. 

E. A. B. Eustace. — Two shocks for ten seconds, felt by persons at rest. Doors 
and windows rattled, hanging objects swung and the observer’s seat moved. 

Subathu. 

Mrs. A. B. Watson . — One continuous tremor. The observer, who was resting, 
awake in bed, felt as if some one were under the bed and shaking it up and down 
steadily for 30 seconds. Doors and windows rattled and the floor creaked. 

Ambala district. 

Amhala. 

Paiz Alt Khan, Tahsildar.—Tyro shocks at an interval of half a second. Doors 
windows slightly rattled. 
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Ambala Cantonment. 

W. D. McDom^, E,A,G , — One very slight shock. The dais on whicli liia chaii 
rested shook a little. 

B, DeoH Nandan - — Two slight shocks for three seconds and separated by an 
interval of one second. Chair and table moved slightly. 

Naraingarh, 

Dalniir Singh . — Three shocks at intervals of two seconds. Total (luratien 
five seconds. Doors and windows rattled and the observer’s seat moved. 

Jagadhri. 

B. Ahmady Sub- Judge . — Two shocks for ten seconds having an interval of 
bccoikIs. Hanging objects swung north-south. His seat moved a littl«\ 

L. J. Prasad GargUy Pleader . — One inoilerate shock for five seconds. Ibiriciiig 
objects swung and his seat moved. 

JiNi) Statk. 

Jind. 

I lari Dassy Medical Officer . — Three shocks for 180 seconds, felt l.»y ikihctih ni 
rest. Hanging objects swung cast-west and the observer’s seat mov(‘d. 

ISangrur. 

BanjU Singh, Sub-Assistant Surgeon . — Two shocks for sixty seconds, felt l)\' 
persons at rest. The observer’s seat moved and some loose objects wc'ie tliro\NH 
down. 

Safidon. 

Sis Ram . — Three shocks felt by persons at rest. Doors and windows lallled 
and hanging objects swung N. W.—S. E. 

CharJehi Dadri. 

Bhopal Dev, Sub-Assistant Surgeon . — One shock strong enough for 00 sei oikIk, 
Total duration of the shock was 125 seconds. Persons at rest felt the slioek, doius 
and windows rattled and hanging objects swung north-south. Tlie obs(Mver’s 
seat moved and loose objects were thrown to the south. Walls of some build 
wiiT'e cracdicd. 


Rajputana. 

Bikaner State. 

Bikaner. 

8, Vias . — Two mild shocks for 00 seconds, with an interval of 50 seconds. I a- 
tisual cracking sound was heard during the shocks. The observer’s chidr ud ivcii 
slight jerks. 

Jodhpur State. 

Didwam. 

The Hakim, Didwana . — Two almost continuous shocks for 80 second?, f 
were felt by persons at rest, doors and windows rattled and the observer h ^ 
moved slightly. 
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Nagaur. 

The Hakim, Hagaur.--Two or three shocks for 90 seconcla.. Persons at rest 
feJt the shocks, hanging objects swung noi-th-south and the observer’s seat moved. 

Parbatsar. 

The, Hakim, Parhatsar. — One shock for 60 seconds. Windows rattled. 

Merteji, 

The Hakim, Merta. — One shock for 60 seconds. The ohseiver’s s< ai. moved 
slightly. 

Jodhpur, 

J, S, Qaur, Meteorological Observer, Jodhpur, — Three major sliordvs followed by 
minor ones, all lasting 25-30 seconds. Persons at rest felt Uie shocks, do(M‘s rattlcfi, 
banging objects swung and the observer’s seat moved. 

Bilara, 

The Hakim, Bilara. — One shock for 30 .seconds felt by many [hwhodh. Doors 
and windows rattled, and hanging objects swung oast>w(^st. 

Jaitaran, 

The Hakim, Jaitaran, — Three sliocks for 120 seconds, so pa rated by two intervals. 
Doors rattled and hanging objects swung east-west. 

Sojat {isoseismil III 

The Hakim, Sojat, — One slight shock for ten seconds. 

Pali, 

The Hakim, Pali. — Four shocks for 32 seconds. I^'rsons at rest f(?lt the shocks, 
doors rattled, hanging objects swauig north-south and the obscivta ’s scat- mov<‘d 
’slightly. 

Jalor. 

The Hakim, Jalor, — One shook for 60 seconds. A sound ns of a running motr»r 
car was heard before and during the shock. »Som(^ juusons felt tin' slioek and 
I la raging objects swung. 

Desuri, 

The Ilakim, Desuri, — One shock for 25 seconds, a sound resembling that of the 
thing of a gun was heard after the shock. Windows and doijrs jatibal. 

Bali (isoseismal III 

The Headmaster, D. V. M. School— One shock for ten seconds. A buzzing 
sound as of a motor car was heard before the shock, wliicJi was felt ])y persons at 
rest. 


Jaswantjmra {isoseisnud 111 ?). 

'^he Hakim, Jasuxintpura. — Persons at rest felt a slight shock accompanied by 
a sUght rumbling. 
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Mewas State. 

Udaipur. 

Musahib Ali . — sKght shook lasting for about 30 seconds. Walls of a few 
hdoha huts in Shakargar, Jahazpur district, were cracked, 

Partabgarh State. 

Partabgarh. 

A, Aziz . — One continuous shook for about 120 seconds. Loose doors rattled 
The intensity of the shock was slight. 


Central India. 

Mr. K. S. Fitze, C.I.E., Political Agent in the Southern States of Central India 
and Malwa, has kindly supplied the following reports from the different States 

PiPLODA State. 

Piploda, 

One shock for 120 seconds felt by persons at rest. Doors and whnk>w.s rattled, 
hanging objects swung east-west. Loose objects fell and the walls of the old palace 
were cracked. 


Jaora State. 

Jaora. 

One shock, very slight at the beginning but increasing in intensity towardr^ 
the end. Duration 120 seconds. Doors and windows in the second floor of two- 
storey buildings rattled. A slight rolling motion was felt. 

Sailana State. 

Sailana. 

Three shocks in all for 159 seconds. The second shook was quite distinct and 
the third mild. A pendulum*like movement was felt. Doors, windows and corru- 
gated iron roofs rattled. Some persona were roused from sleep. Hanging objects 
swung and some loose objects fell. 

Ratlam Darbar. 

Two or three mild shocks making loose doors rattle and hanging objects swing. 

Jhabua State. 

Jhabm. 

Two shocks for four seconds. The quake was felt by persons in the upper storey 
of a house. Doors and loose objects rattled slightly. Hanging objects swung north- 
south. 

Dhar Darbar {isoseismal III ?). 

A slight and insignificant shock was felt at Dhaj and Dharampuri at about 
2.10 p, m. and 2.30 p. m. respectively. 
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Ali Rajpur State. 

Ali Rajpur, 

One shock for 4-5 seconds. Some persons heard a sound like that of a passing 
pooler lorry. Doors, windows, corrugated iron roofing rattled. Loose objects fell 
from shelves. 

Barwani State. 

Barwani, 

One shock for . 10-16 seconds. The shock was observed by persons a^vake, 
those asleep did not feel the shock. Some loose objects rattled. 

Indore State. 

The following reports from various parganas of Indore State are kindly supplied 
by Wazir-ud-Dowlah and Rai Bahadur S. M. Bhapna, C.I.E., iTime Minister to 
H. H. the Maharaja Holkar 

Petlawad, 

One slight shock for 120 seconds. It was accompanied by a noise. Loose 
objects rattled. 

Depalptir, 

One shock only felt by persons at rest, especially those sitting in the second 
storjy of houses. Duration, five seconds. Loose objects rattled and hanging 
objects swung north-south. 

Sawer, 

One shock for seven seconds. 

Indore. 

One shock for 90 seconds felt by persons at rest. 

The Meteorological Observer of Indore reports two shocks for 90 seconds with 
HTi interval of 30 seconds. The shocks were felt by j)erso)i8 at rest, especu’ally by 
’those in the second storey of houses. Doors and windows rattled and hanging 
objects swung. 

Mhow, 

Oju‘ slight shock for two seconds. Loose objects rattled. 'Ihc slu'ck was felt 
by persons in the second storey of houses. 

Nisarpur. 

One slight shock for four seconds felt by persons at rest. Doors rattled. 

Maheswar, 

One slight shock for 30 seconds felt by jw'rsens at nst. Doors rattled, 

Kasrawad, 

One slight shock for ten seconds. A low' thundering noise was heard as if com- 
ing from a distance. The shock was felt by persons in the second storey of houses. 

Barwaha, 

One slight shock for two seconds. It was felt by persons at rest. Doors rattled. 
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BhiJcangaon. 

Slight shocks of a second’s duration were felt in seven villages of this parji^Hjia 

Khargon, 

Two slight shocks for two seconds. Doors and windows rattled. The diiec. 
tioii of the shook was north-south. 

Hyderabad State (Deccan). 

Adilabad district. 

Ojio slight shock was felt at Rajura for 60 seconds, at Sirpur for thief? or four 
scf^onds and at Asifabad for 30 seconds. Buildings vibrated in these plaeos. 

The First Taluqdar, Asifabad, was working in his office and felt hie chair and 
table shaking at about 2.15 p. m. On enquiry he found that several people in the 
vicinity felt the shock, the motor car in the garage and the cots in the houses were 
also seen shaking and one man fell down. The ea.rthquake lasted about 30 seconds. 

Mr. Reporter, Customs Superintendent, Warangal, was at the P. W. D. Tn8])oo. 
tion Bungalow, opposite the Asifabad Railway station, and he felt a slight shock 
for 30 seconds about 2.25 p. m. The shock was also felt and noticed by his stall 
and the Railway Stationmaater. 

B/dr district. 

Four shocks wore felt at Bhir for 60 seconds. The first and the third were sevne 
and the others of slight intensity. 

The First Taluqdar, Bhir, felt a slight shock. 

Nizmmhad district. 

One shu(;k was felt at Anniir for one second and at Hodhan for two to three 
secfjnds. iSome hanging objects swung. 

Karirmmgar district. 

At Manihani village in Mahadoopur taluq three shucks were felt fur ]r»-20 
seconds. Hanging objects swung to and fro. 

At Kishenraopet in Sultanabad one shock was felt for four seconds. Water 
in wells shook and made some noise. 

At Karimnagar an extraordinary shock was reported to have been felt for a hout 
120 seconds. People were terror stricken on this account. 

Berar (C. P.). 

Amraoti district. 

Chikalda. 

J. 0. Deshmulch. — One shock felt by persons at rest. Doors, windows aial 
objects rattled. 

Ellichpur. 

N. L. Despande. — One shock was felt which caused many people to feel gi'l'ly 
Doors and windows rattled, banging objects swung north-south and the observers 
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goat invv&X ill the clirootion. Loose objects fell in some places. Leuplo iu 

the uppef storey of a house felt the shock more than others. 

Statimniastery G- L P, i?.-- One shock for five seconds. 

Chainak, 

SkUionnmi^ry G, L iL— Four or five shoclcs for 120 secuud.s, llaiiging 
objects swung oast- west. 

Lehegaon. 

D. Two shocks causing loose objects and tiles of roof to rattle. Hang- 

ing objects swung north-south. 

Danjapiir. 

,/. Pibeyro . — One continuous shock for 60 seconds. IKhu’s ratlkal, Jianging 
objects swung north-south. Observer’s seat moved north-south. Some buildings 
wore slightly cracked. 

Amraoii. 

0, L, if. McGlemgJmn » — One shock for 120 seconds foil by jxusous at jest. 
Doors and windows rattled. . . 

Kurha. 

'l\ Chamhr . — One shock. VV'^indows and chairs laltled. dVa cujw and saucers 
on racks jingled. 

Nmidf/aon Kazi. 

K, M. Pande , — A light shock was felt. Somo ('arthen [)ots fell and (in >4irots 
from the roof came down, 

(Unicral {Amraoti didrict).- Reports from other (ahajs and in Arniaoti 

district sliow that one to three light shocks wore felt, mostly by [icrsons at 1 ( 81.. 
Both iiorth-Koutli and oast-west movements were reiordc'd, Majority an^ in favrair 
of a north-south movcinent. Doors and 1 (>oh(^ objects rattled and in some easj.a 
observers’ seats were shaken. In Dlianor ialnq tiles fi’om roofs of some houses 
foil. 

BuLIMNA DISTJUCr. 

Jalgaon, 

li, D, Joahi, Naib Tahsihlar , — One shock was felt. Hanging objects swung. 

Malkapur. 

li. B, Deapande . — One continuous shock felt by persons slceiang on t h<^ second 
storey of houses. Doors and windows rattled and hanging objects swung cast- 
west. 

K. 0. Maliajan .' — Four or five shocks. Articles on a stool appeared to move in 
a north-south direction. 

Nandura. 

SUitionmaaterf G. /. P. li . — Six shocks for 60 seconds, felt by persons at rest. 
Hanging objects swung east- west. 
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Akola distbiox. 

Akot. 

Tahsildar. — Three shocks for three seconds. Persons at rest felt the shoci^s 
Hanging objects swung north-south. 

Balapur. 

Tahsildar. — ^Two shocks felt by persons at rest. Hanging objects swung north, 
south. , 

Akola. 

District Judge. — Three shocks for 30 seconds. The shutters of a wall-almirah 
rattled. Punkah first swung north-south and then east-west. The observer’s 
seat moved. 

Tahsildar. — Two shocks for . two seconds felt by persons at rest. Hanging 
objects swung north-south. Loose objects were thrown either north or south. 

Inspector of Works, 0. I. P. R. — One big shock for 15 seconds. 

Murtazpur. 

Tahsildar. — One shock felt by persons at rest. 

Basim (isoseismal III 1). 

Tahsildar. — Only a slight shaking for two seconds. Doors on the second tieor 
of his house and loose articles on a rack rattled. 

YeoTMAL MS’JTRIOT. 

Rajur (isoseismal III ?), ' h . 

Stationmaster, 0. I. P. R . — One shock for two seconds. 

Pandharkawaaa (isoseismal III ?). 

Tahsildar, Kolapur. — One tremor for two seconds. 

Pusad (isoseismal III ?). 

Tahsildar. — One slight shock felt by some people. 

Kalamb. 

Assistant Medical Officer. — One continuous trembling during which a Bound a- 
of a passing heavy goods train was hoard. The shock was felt by persons at rest 
and doors and windows rattled. 

Wtm. 

Tahsildar. — Several shocks were felt. In a few cases loose objects rattled. 
Hanging objects swung oast- west and north-south. The observer’s scat moved 
perceptibly. 

Ami. 

Y. R, Despande . — One slight shock. 

Central Provinces. 

Nimab distbiot. 

Bir. 

4»n«t«nt Stationmaafer, Q. I. P. B , — ^Awakened from sleep. 
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Amir Alt.—Otw mild shock for ten seconds* Doors and windows rattled, 
haiiging objects swung north-south and his chair was shaken. 

Khandwa. 

K, B, L. Bethy De^niiij CmnmisaioncTy Nimar The shock was not of 

much inteiisity. 

Chulkhan, 

Booking Ckrk, G, 1. P. if. — Two mild shocks lasting 60 seconds. 

Burhanpur. 

G, H- Dharay SignalUty G. /. P. if.— Three slight shocks lasting 60 seconds. 
I'he platform lamps swung to and fro in a north-south direction. The bench on 
which he was sitting moved thrice. 

BeTUL DrSTBIOT. 

Barbaipur. 

M. Venkatahrishna, Btaiionmastery G, 7. P. JR , — One trembling felt for four 
secoials. It was accompanied by a rumbling as of an aeroplane flying at a low 
lieight. 

BetuL 

D. J, N, Leey Deputy Commusioner, Betul district , — The shock was felt almost 
by all throughout Betul district but it was not strong. Small loose objects were 
thrown down and doors and windows rattled. At Betul three shocks at intervals 
of a minute or two were felt. The roof of the I). C.’s bungalow and a glass pane 
rattled. His seat was shaken. 

V. G, Mathews, Assistunt Commissioner , Betul district . — ^Two shocks separated 
by an interval of five to seven seconds. Doors rattled and a peculiar vibration of 
the roof of his bungalow took place, at first, causing a noise like that produced by 
a p<assing lorry. A few seconds after the noise was repeated with much greater 
intensity and a distinct trembling of the floor occurred. 

’ Sub -Divisional Officer, Betul . — Three separate shocks separated by an interval 
of 2-3 minutes. The second was the strongest of the three shocks and it shook his 
chair, table and motor car. Pictures were tilted. 

Stationmaster, G. I. P. if.— One shock for 60 seconds. Sounds as of a motor 
car were heard during the shock. Doors, windows and loose objects rattled. 

Jambara. 

Siationmaster, G. 7. P. P. — One shock for three seconds. 

DJiarakhoh. 

SUitionmaster, G. 7. P. P.— One slight shock for two seconds. Windows rattled. 

Amla. 

Pox, Loco Foreman, G, 7. P. P.— One shock for four or five seconds. Hang- 
ing flower pots swung eaist-west. 

BUitionimateTy Q, 7. P. P.— One shock for 120-300 seconds. It was felt by 
persons at rest, doors and windows rattled, hanging objects swixng east -west, yhe 
tremor was slight and could not be felt by persons moving about* 

2 B 
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Chhjndwara distkict. 

Pandhurm. 

Stationmaster, 0, J, P, B, — One mild shock for two seconds. 

Wardha district. 

Pulgaon, 

Statiormaater^ 6?. /. P. — One shook felt by persons at rest, lasting 50 seconds. 

Doors and windows rattled and hanging objects swung. 

Wardha. 

K. A, Siibramanie, Extra AsaistarU Commiaaioner. — One mild shock was foil. 

Nagpur district. 

Narkher. 

Staiionmaater, 0. /. P. R . — One shock for two seconds. The oOico countei 
shook east- west. 

Saoner. 

Naib Tahaildar, — One shock felt by many persons. Doors and windows rattled, 
hanging objects swung east-west and the obseiwer’s seat moved. 

Katol. 

Tahaildar. — One shook felt by persons at rest. 

Nagpur. 

Biviaional Engineer, G. /. P. B . — A continuous tremor lasting ten .seconds. 
The observer, who was standing on the verandah of his bungalov, felt as if lu 
were on board a ship with a sloping deck. 

O. Peraad, D. S. Office, 0. I. P. R . — He wfis on the first floor of the ofli< c. mid 
felt two distinct shocks for 210 seconds. A sound as of a motor ear njady to start 
or an aeroplane flying overhead was heard. The doors and windows of the oflii c 
rattled. Ceiling lights and fans swung in a circular fashion. 

Buli Bori. 

B. Kakde, O. I. P. B . — One continuous but moderate shock for 60 seconds 
The station boll swung north-south. 

Bhiwapur. 

Tahaildar. — One shock felt by persons at rest. 

Kuhi. 

A. Habib. — One shock felt by persons at rest. Hanging objects swung and tii^' 
observer’s seat moved slightly, 

Bhandara district. 

Bhandara. 

Dialrict Superintendent of Police, Bhandara. — One shock for 60 seconds. Idtxir^ 
and windows rattled very slightly. Hanging objects swung east-west, booH< 
objects, wore thrown down eastwards. 

K. N. De, TaJiaildar. — One shock for five seconds felt by persons at rest . Ooois 
rattled and hanging objects slightly swung eaet-west. 



ISOSEISMAL IV. 


361 


Gondia, 

if. L. Kapoor, Tahaildar,^One continuous shock for 120-180 si‘coiuls. 8oino 
pel-sons asleep felt the shook. Tables, chairs, doors imd windows rattled and 
punkahs swung north-south. 

Paoni. 

H. P* Vanna, Mange Oj^cer.— -Three shocks, of which the last, was the strongest. 
Persons asleep felt the shooks. Doors and windows lattlcd. 

Chanda district. 

Warora. 

TahsUdar.— One shock felt by many persons. Hanging objects swung in places 
for two or three seconds. 

Staiionmasterf 0. /. P. R . — One continuous but slight shock for 30 seconds. 
Wagons and doors rattled and the observer’s seat was slightly shaken. 

Majri. 

Stationmaster, G. /. P, P. — Five weak shocks for 180 seconds. Hanging lamp 
in a waiting room swung to and fro. 

Balfiarsliah. 

Stationmaster y Q. I, P. P. — One shock for GO seconds. Doors and windows 
rattled and hanging objects swung N.E. — S.W. 

Another report from a railway employee at Balharshali states that the shock 
lasted about 300 seconds. Doors and windows rattled and hanging objec ts swung 
N.E. — S.W. The observer’s seat moved and some objects fell in a N.E, — S.W. 
direction. 

S, Dougre, Loco Clerk. — One shock for 180 seconds felt by many persons. Hang- 
ing objects swung N.W. — S.E, and some loose objects foil south-east. 

Bramhapuri. 

TahsUdar. — One slight shock for a second or two. 

Garchiroli, 

Tahsildar, — ^All over Garchiroli circle the earthquake w.is hdt for about 120 
seconds. At some places four or five shocks were felt by some j)iM)ple but not by 
all. People sound asleep did not foci them. A few hanging objects swung slightly, 

Sironchd. 

TaJisildaf.’ — One slight shock for a second or two. Hanging objects swung a 
little. 

BaLAOHAT DIvSTRICT. 

Baihar. 

G. Kamaisdar^ Naib TalmUar.--"£eii to iw^elve continuous sht»ck.s .iccom- 
panied by an unusual sound as of a motor passing by. Hanging obj(.‘cts swung 

uorth-south. 

BalaghdL 

A. Shrinivasam, Assistant Medical Officer. — One shock for five seconds, felt by 
I>erBonB at rest. The observer’s seat moved slightly. 

2 B 2 
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Drug di&tbiot. 

Bi^netara, 

S, G, Badhvl, — One fihock accojmpatiied by a s<»un<l like that i>f a rudlni r.i) 
a distance. Doors and windows rattled. Hanging objects swung caHt-wcst an*! 
(he observer’s seat moved. 

Drug. 

B. A. Bamhawahy Deputy Coftimiasiomr, Drug disL — Thr(‘o distinct Ijinnors 
Doors and windows rattled. 

B. B. Thanjee, Executive Engineer. — One continuous shock. Doors ratitd. 

M. A. Khany Caned Depviy Collector. — One continuous shock felt by ]>('r8(>ns at 
rest. Hanging objects swrmg east-west. 

TahsUdar. — One shock. His attention as well as that of others was atlracic fi 
by the rattling of doors ?tnd windows, 

Bqlod. 

Tahsildar. — One continuous shock felt by persons at rest. Doors rattled luid 
a punkah swung slightly in a north-south direction. 

Raipur district. 

Baloda Bazar. 

M. P. Davie. — Strong continuous tremors. A deep rumbling as of an 
at a distance or of a large motor bus was heard coming from the east and movin;.^ 
westwards. The observer felt giddy in his chair. Doors and windows rattled 
for ISO seconds. Here and there in the village tiles fell from the roofs of mud 
huts. 

Suhdivieional Officer y Baloda Bazar . — A rumbling noise was heard diiring t}u> 
shock, which was felt by many persons. Doors and windows rattled. 

Raipur. 

Suhdivisional Officer y Baipur . — Tw^o shocks preceded by a soimd like tlmt of 
a lorry moving fast and which changed afterwards into a dull sound. \Vind<mH 
and doors rattled for a long time. 

V. S. Forbes, Vice Principal, Bajkumar College. — A trembling of fairly uniform 
intensity was felt by persons at rest. Doors and windows rattled. Water m an 
open concrete cistern, placed in an excavation in the ground, was rooke d in an 
east-west direction and wetted both sides four inches above the loved of th(^ vatrr. 
Hanging objects swung and the observer’s seat moved. Some old plaster fell luil 
new planter did not. 

Mahmamund. 

P. W. Naidu . — One continuous shock preceded by a rumbling noi8(‘ fd'd 
of a running traha. Doors and windows rattled, hanging objects swung and hook: 
lying loose on a table were thrown down. Some plaster fell. 

Dhamtari. 

G. P. Bhargava, Tahsildar . — Three continuous shocks fidt by ix^rsons at rtd. 
Poqi:b and wmdows rattled and hanging objects swung. 
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ViZAGAPATAM DISTRICT. 

Nowrangpur. 

Deputy roAwWan— Two shocks for 30 seconds. Doors and windows rattled. 
The movement was north-south. 

Rayagudda. 

Deputy Tahaildar.-^One slight tremor for 120 seconds. People at rest felt 
the shock, doors and windows rattled and the observer’s seat moved slightly. 

Gunupur. 

Deputy Tahsilda^r.— 'One shock for 120 seconds felt by persona at rest. Doors 
and windows rattled, hanging objects swung north-south and the observer’s seat 
moved sHghtly. 

Jeypore, 

Tafisildar . — One continuous shock for 180 seconds felt by many i>eopIe. Doors 
and windows rattled, hanging objects swung north-south, and his table also moved 
in the same direction. 

Civil Assistant 8'urgean . — He felt one continuous shock for 180 seconds. 

Headmaster, Board High School— One continuous tremor for 180 seconds felt 
by most ixjoplo. Doors rattled, hanging objects swung and his chair was shakeri. 
According to a pleader the intensity was lowest in the middle and strongest at t.lie 
Ix'ginning and end of the shock. 

Komput. 

Revenue Divisional Officer . — One continuous tremor for 180 seconds felt by 
fiersons at rest. Doors and windows rattled, a motor car moved backwards ami 
forwards and his seat moved. The roof of his house was slightly cracked. 

Deputy Tahsildar . — He felt one shock for two 8<!(;onds. Doors mttlo<l, hanging 
o])j(‘etH swung and his chair was shaken. 

Fannlipuram. 

Clerical Staff, Divisional and Taluk Offices.— One conf inuous shock for 00 se- 
coads wtis felt. Chairs wore pushed in an (vast- west direction and a slight rumbling 
iioisfi was heard. Persons lying on cots felt a ro(ding sensation. Doors and windows 
rattled slightly. 

Bobbin. 

Deputy TahsiMar.— One sliock for five to ten seconds. He heard a sound os 
of a motor car running at a distance or of two grinding stories at work. TJie shook 
was felt by persons at rest, doors and windows rattled and hanging objects swung. 

Vizagapatam. 

Clerk, Revenue Divisional Office.— I!wo shocks for dO seconds were felt. Hanging 
objects swayed east- west. 

Clerk, Divisional Office , — A mild shock was felt. 
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East Godavabi district. 

Coconada. 

C. D* T. Shore. — ^The chair on which he was sitting and a small tea table to 
gether with the floor on an upper storey of a large building swayed to and fro. Funs 
and lights swung to and fro. Trees and the corner of the bungalow Inid definito 
movements. The total duration of the shock was 180 seconds and the quake caused 
discomfort to peojile at rest. 

B. A, Ram Singh, Meteorological Observer. — He felt haJf a dozen shocks for 12u 
seconds. Doors and windows rattled and hanging objects swung. 

Mohamad Zindah, Collector's Office. — Half a dozen shocks for 120 second.'^. His 
scat was shaken. 

West Godavari district. 

Ellore. 

The Collector, West Godavari district. — One shock felt by persons at rest. Doors 
and windows rattled, hanging objects swung north-south and a glass tiimbk]’ on 
a table was thrown tow^ards the south. 

Kistna district. 

Masulipatam. 

E, C. Wood, Collector, Kistna district. — At 2-20 p.m., persons in a position of 
rest felt a succession of rocking movements like those on board a ship in a gt ntlc 
swell. The shocks lasted 20-30 seconds. Punkahs swung N.W. — S.E. 

Meteorological Observer. — One shock for 120 seconds. Doors and windows 
rattled and a leeling sensation was felt. 

A. iS. Thyagaraju, Noble College. — Two shocks were felt lasting about 180 seconds. 
The observer was on a cot, which appeared to roll east- west. Many people fell 
giddy. Some doors rattled and a pendulum clock stopped at 2-35 p.m. The tu- 
mor did not affect the town uniformly but appeared to have travelled along tlje 
north-eastern sector cf the town. Houses fading in this zone experienced the 
shock in a greater degree than those in other parts of the town. 

Guntur district. 

Tenali. 

T. E. Jeirsuri, Taksildar. — Two shocks for 60 seconds. The second sliof k 
was more appreciable than the first. The obseiwer’s chair shook cast-wevst. 

Repalle. 

Q. Ramakantkacharyar, Tahsildar. — One shock for 60 seconds, felt by pivsons 
at rest. Doors rattled, hanging objects swung and the observer’s seat was sjiakcu. 

Eastern States. 

SoNPUR State. 

Sonpur. 

A.'N. Sarkar.—RQ felt the shock at 2-16 p.m. (I. S. T.) for 120 seconds. It «« 
preceded by a rumbling poise. Loose tiles on the roof rattled. Hanging objec b 
swung east-west. 
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Athmalik State. 

Athmalik. 

S. aJu>sh, Chief Mediml Otftcer.— He felt one continuous shock al 2-;iU m. 
^Railway time) histing about 180 seconds and heard the * sound ol’ a running cat 
on the roof of the building . Loose objects rattled and hanging objects swung. 
Some people felt another shock in the evening at about 7-30 p.m. on the same 

dtiy. 

Hindol State. 

HindoL 

Medical Officer^ Hindol State. — He felt three mild shoclvs for 300 seconds at 
2-15 p m. Doors and windows rattled slightly and hanging objects swung north- 
south. His seat was slightly moved. 

Narsingpur State. 

Narsingpur. 

Hem Sen Gupta. — Two slight shocks at 2-20 p.m. (I. S. T.), one lasting about 
four seconds and the other two seconds. Loose objects rattled slightly. 

Baramba State. 

Baraniba. 

M. Naik, Superintendent, Baramba State. — He felt two shocks lasting about 
loi seconds at about 2-15 p.m. During the shocks a sound resembling that of a 
nioior bus in motion was heard. Loose objects rattled. The shock was felt by 
peraons at rest, 

Kalahandi State. 

Bhawani Palm. 

B. Mahanii, Dervan, Kalahandi State. — One shock for 120 seconds. A sound 
lik(? that of a motor car in motion was heard before the shock. Windows and 
hxi.HC objects rattled, hanging objects swung and the observer’s scat was shaken. 

Patna S'rATE. 

Bolangir. 

Buhan Singh, Superintendent of Police, Faina State . — Oiu' shock for 180-2^10 
seconds. Dooi‘s rattled and his seat moved. A few lilc‘s fell from the roof. 

G. N. Hota, Sub-Inspecior of Police, /SWar.-- One mild slu»ck lor a few seconds. 

unusual sound as of a motor car was heard simultamiotisly with the shock. 
lk>oi‘s rattled and his seat moved N.W. — S.E. 


Manoharpur, Bolangir P. 0. 

Baman Rath, Oleric, Settlement Office.-— One continuous shock for 300 seconds. 
A rattling sound was heard. Punkahs in his office room swung to and fro. A 
^ligkt crack appeared in one wall of the Settlement Officer’s quarters. 
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Patnagarh. 

D. 0, Eai, 8ubdivision€U Officer . — One moderate shook for 120 secondB. The 
roof and doors rattled and his seat and chair moved* 

P. K. Ohopdafy Second Officer. — punkah swung north-south. 

Baud State. 

Bavdgarh. 

O. G. Mimt . — ^Two shocks lasting 155 seconds. The first was the stronger 
of the two and lasted about 90 seconds , after an interval of 26 seconds a milder 
second shock was felt for 40 seconds. The shocks were not felt by persons sleeping 
but only by persons resting awake. Almirahs and light loose objects, doors and 
windows rattled slightly. Hanging objects swung N.E. — S.W. A lightning conduc- 
tor on the top of a building 76 feet high shook perceptibly. Some people 
unable to write properly as their hands began to shake. 

Daspalla State. 

Daspalla. 

B. N. Nayak, Detoan, Daspalla State, — One shock for fiO seconds. Door^; and 
windows rattled, hanging objects swung and the chair on which he sat wtm sliakcn, 

Khandpaea State. 

KJuindparagarh. 

P. K. Pujari, Superintendent^ Khandpam Stale, — He felt a very mild siiock 
lasting about 60 seconds at about 2-16 p.m. His seat moved. Hanging objeot-j 
swung north-south. 

Nayagarh State. 

Nayagarh. 

Nilkantha Mahapatra. — He felt only one shock of slight intensity for 70 sc<'ondri. 
Many people doing office work did not feel the shock. 

Ranpur State. 

Ranpur. 

B, Pahtanayak, — He felt three slight shocks lasting about 15 secondw. flanging 
objects swung north-south. 


Orissa. 

Balasorb district. 

Bhadrak. 

D. O. Daa, Subdiviaimal Officer . — One shook for 120 seconds felt by jwrsons 
at rest. Doors rattled, hanging objects swung north-south and the observer » sea 
moved. 

Ghandbali. 

Waked AW, Meteorological Observer . — One shook for 120 seconds. I^oohc objects 
rattled, hanging objects swung N.W. — S.E. 
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Capt. D- J* Manfleld, R.I.M., Port Ofiaoer, Orissa Ports, was afloat on the Dhamra 

river and felt no shock. 

Cuttack district. 


Kendrapara, 

Q ( 7 , Ohandra^ Svbdiviaioml Office^ Keridfajpara.—li^o shocks for 180 seconds. 
They wero felt by persons at rest. Hanging objects swung and his seat moved. 

Puri district. 


OenCTcd {Puri diatrict).— The reports from the various police stations in Puri 
district state that a mild shock lasting about 60-180 seconds, was felt all over the 
district. Persons asleep or walking did not feel the shock. Doors, windows, tiles 
on roof rattled gently. Loose objects fell down in some places. Hanging objects 
swung either north-south or east-west. A report from Kakatpur Police Station 
states that a rumbling noise like that of a motor engine in action was heard during 
the shock. 

Puri, 

Suhdiviaiondl Officer^ Sadar.—PLe felt two shocks lasting 60 seconds. Both 
the table and chair rocked east-west. 

B, G. Nayaky Deputy Magiatrate—We was sitting on a chair inside the ('oiirt 
room and felt two shocks for 60 seconds. His seat was shaken. 

E, K, Mahapatray Officer in Chargey Town Police /StoY-ion.— Accoiding to him 
the shock lasted about 120 seconds. Persons lying on bed and those who were 
standing or sitting felt slight jerks. Persons asleep did not fed the shock. Hanging 
objects swung cast-west. 

Khurda, 

Subdiviaional Officer, Khurda.— 'E q was working in the enurt room and felt 
one continuous shock for about 45 seconds. His table moved ('ast-west and Ijo 
felt giddy. 

Gan JAM Distriot. 


Surada. 

Talmldar . — Two slight shocks, of which the first lasted 15 and the second 10 
seconds respectively. Venetian windows rattled and a table sliook a little. 

Russellkonda. 

One shock, lasting 16-20 seconds. Doors and wintb^ws rattled. Movement 
was east-west, 

Asha. 

One slight shock for less than a second. 

Ganjam. 

One shock causing doors and window^s to rattle. Hanging objfjcts swung east- 
west, lioose objects fell both east and w^est. 

A brick wall collapsed and several walls were crackf d. Two Himill c?racks ap- 
peared over the Rushikulya river bridge on the Gan jam roiul. 

Uddygiri. 

■K. 8^ F. Aiyer . — One continuous tremor, for 20 socamds. One b it as if one s 
legs trembledk Doors and wdndows rattled slightly. 
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Chicacoile. 

AUeen Oeorgeson . — Three shocks for one, three and one seconds reapectiveiv 
The second shook was stronger than the others and caused doors, whidows and 
loose objects to rattle. 


Bengal. 

Noakhali district. 

Sandwi'p Island. 

K. M. Ali, Girde Officer . — One shock of moderate intensity felt by persons at 
rest. Doors and windows rattled, hanging objects swung and the observer's seat 
moved. 

Chittagong district. 

Chittagong. 

Treasury Officer . — One mild shock felt by the movement of chair and table. 

8. B. Baul, Meteorological Observer . — ^Two light shocks for five seconds. Some 
persons at rest felt the shocks and hanging objects swung very slightly. 

Assam. 

Lushai Hills. 

Aijal. 

Capt. E. Q. Sutton, LA., 1st Assam Rifles . — He felt one shock for hO seconds. 
It was a gentle rocking motion and caused doors and windows to rattle very slightly. 

According to S, V. Lloyd Rees, Esq., I.P., the shock felt at Aijal was very 
slight. 

Manipur State. 

Imphal. 

Registrar to the Political Agent, Manipur . — ^Two shocks were felt, the first lasting 
about 45 and the second about 60 seconds respectively, A mild vibratory motion 
was felt during the interval between the two shocks. Some hanging objects swimg 
north-south by the first shock and east-west by the second shock. Very narrow 
cracks appeared in some of the walls and arclies, 

Mr. C. Gimson, the Political Agent, was about 30 miles away from Im])hal, fo 
the north-west, at Makui Khulen, a village about 5,100 feet high, mid did not led 
the shock at all. 

Naga Hills. 

Kohima. 

Meteorological Observer . — Two shocks lasting about 90 seconds were felt b} 
persons at rest. Doors, windows and loose objects rattled. 

SiBSAGAR DISTRICT. 

Sibsagar. 

A. Macdonald . — One continuous undulatory movement for 60 seconds. 
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Lakhimpub district, 

Hoogrijan. 

j? 0. philips, Hoogrijan P, 0. — Duration 120 seconds. One shwik was fol- 
wcd by ® slow elliptical motion of the ground, the major axis of the ellipse being 
pOTtb-south. The shock was mild and caused hanging objects to swing north- 


south. T1- 1 • 

D%gbm. 

E P. VcuMl, Resident Geologist, B.O.C., Dighoi. — Duration 120 seconds and the 
more severe tremors occurred within a period of about ten seconds. Hanging 
lamps and fans swung. 

Sadiya Frontier Tract. 


Sadia. 

J H. Grace, /. P., Political Officer, Sadiya Fr. Tract. — Ho felt two intermittent 
shocks, one lasting 120 seconds and the other 180 seconds, making a total of 300 
^con<fe. Doors and windows, etc., rattled, and some vases were made to dance. 
The shocks were slight but prolonged. 

Darrang district. 

Mangaldai. 

0. S. Quha, Svbdivisional Officer, Mangaldai.— One continuous swinging move- 
ment lasting about 240 seconds was felt. The shock was felt only by a few persons 
at rest. Doors and windows rattled slightly and hanging objects swung north- 
south. 

Tezpur. 

B. Ohose, Tezpur.— One shock lasting about 90 seconds. Hanging objects 
swung N.W.— S.E. 
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North-West Frontier Province. 

Peshawar. 

Meteotologiail Office^ R.A,F » — Two shocks at about 14*20 hours lasting about 
00 seconds. The shocks were felt by persons at rest, and were strong enougli to 
make doors and windows rattle and hanging objects swing. 

Malakand Agency. 

The Assistant Secretary writing from Peshawar for the Chief Secretary to Gov. 
eniment, N. W. F. P. stated that slight earthquake shocks were felt in the Mala- 
kand Agency (Swat Ranizai and Sam Eanizai, Swat State). 


Punfab. 

OUJRANWALA DISTRICT. 

Gujranwala. 

Khan Bahadur Malik Zaman Mchdi Khan^ Deputy Commissioner.— \ very 
weak shock of short duration. A similar shock was felt at Wazifahad. 

Montgomery district. 

Chichawatni Road, 

A, P, F. Hamilton . — Two distinct tremors at 14*24 houi’s, each of them lasted 
two or tlirec soconds. Bed vibrated and doors rattled. 

Multan district. 

Multan. 

R, J. S, Dodd, Deputy Commissioner . — ^Lamps and fans swung slightly. 
Bahawalpur State. 

Bafiawalpur. 

Assistant Colonization Officer, Bahatmlpur Government . — One shock for three or 
four seconds. Hanging objects swung east-west. 

Lahore district. 

Lahore. 

D. N. Chopra, Meteorological Observer . — One shock felt by persons at rest 
two to three seconds. 
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Gubdaspur district. 

Gurdaspur. 

J. M- Shrinagesh, Peputy Commiasioner.—A very slight shock. 

Kahnmir. 

Sam AH SItah.—Om slight shook. Hanging objects swung slightly in an east- 
nest direction. 

Balala. 

Oliul^tn, Mohammad.— Two to three shocks for 30 seconds separated liy an 
interval of 10 seconds. Felt by persons on roofs of houses. Hanging objects 
swung and chatpai moved. 

Kahnumm. 

Budha Mol . — One slight shock for a second. 

JULLUNDUR DISTRICT. 

Nakodar. 

Tahsildar.— One shock for 30 seconds felt by persons at rest, especially on the 
upjxir storey of houses. 

Philhur. 

II. C. Mital, Subordinate Judge . — ^Three or four shocks for ten seconds sepa- 
rated by intervals of half a second. They were felt by persons at rest. 

Ludhiaha district. 

Ludhiana. 

J. Khan. Deputy Gommieaioner . — ^Mild shocks on 15th and 20th January 1!).‘54, 

Mandi Statb. 

C. F. Upton, Assistant Private Secretary . — A very slight swinging of the elec- 
tric light chandelier in a north-south direction. Uio extent of the swing was about 
two inches. 

Bilaspur State. 

Bilaspur. 

P. Khandulal, Diwan, Bilaspur State . — A feeble shock lasting about three 
seconds. 

SuKET State. 

Sundarnagar. 

Revenue OoHedor . — One slight shock felt by persons at rest, and moved the seat 
slightly. Duration five seconds. 


Rajputana* 

Jaisalmer State. 

Jaisahner. 

Dewan^ Jaisahner State . — One shock of a very slight nature lasting about 
half a s^ond. It was felt by persons at rest inside the house. 
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Jodhpur State. 


Pachbhadra, 

The Hakim, Pachbhadra , — One slight shock for five seconds. 

Barmer. 

Hakim, Banner . — One slight shock for a second or two. 

SiROHi State. 


Sirohi. 


0. L. Macgregor, Chief Minuter . — ^Two mild shocks for two seconds, felt by 
persons at rest. 


Palanpur State. 


Deesa. 

Meteorological Observer . — One mild shook for three seconds at 2-30 p.m. 

Palanpur {isoseismal IV). 

D. V. Paterah, Acting Wazir . — ^Two distinct shocks for about ten seeundn. 
People felt them whilst either sitting, standing or lying on a bed. Doors and 
windows rattled. The shock was of very mild intensity and very slightly felt. 
The shocks were not noticed by all. 

Danta State. 


Danta Bhxivangadh. 

R. B. Divanji, Dewan, Danta State . — One shock for 30 seconds. Windows 
rattled. 


Dungarpub State. 


Dungarpur {isoseismal IV). 

Sardar Pratap Singh, Revenue Officer . — One slight shock lasting about liO 
seconds. Doors and windows rattled and hanging objects swung. People lying 
on beds felt os if they were being pushed from underneath. 


Banswara State. 

Banswara. 

Dewan, Banswara State . — very slight earthquake for two seconds. 


Sind. 

Khaiupur State (Punjab States). 

Khairpur Mir's. 

Ijody Doctor, WiUingdon Hospital . — She was lying down reading and felt ont) 
shock for a second. Electric ceiling fan and light swung east- west. 
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States of Western India. 

Sabar Kantha Agency. 

Sidra, Sadra Division {Mahi Kantha), 
if. B. PM, Senior Deputy Political Agent, Sadra Didsion.— Two shocks felt 
by Iversons at rest for ten seconds. Loose articles rattled, and hanging objects 
gwung east'West. 


Bombay. 

Kaira district. 

Kaira. 

E, S. Jayakar, Collector of iTatm.— Three very mild shocks for a few seconds, 
felt by persons at rest or sitting or standing in a position of quiet ; giddiness was 
felt. Did not disturb sleepers. 

Ahmadabad district. 

Modasa. 

0, A* Trivedi , — ^Ho felt one shock for two seconds at 2-30 p.m. He was sitting 
on a chair. 

Broach and Panch Mahals district. 

I'he Collector of Broach and Panch Mahals district, has kindly supplied the fob 
lowing consolidated report from the takiqs mentioned below : — 

Godhra, 

One shock for two or three seconds. 

Kalol, 

One shock for two seconds felt by persons at rest. Loose objects rattled slightly 
and hanging objects moved north-south. 

llalol 

One shock for a second felt by persons at rest. Doors rattled and hanging ob- 
jects swung ‘ round about *. 

Jainhusar. 

One shook felt by persons at rest for 25-30 seconds. Windows and, at some 
places, loose objects rattled. Hanging objects swung north-south. Loose objects 
at some places fell either north or south. 

Vayra. 

Two shocks felt by persons at rest for two or three seconds. Hanging objects 
«wung slightly. 

Broach City. 

One shock felt for a second by some persons at rest. Hanging objects swung 

north-south. 
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Broaoh taluq. 

One shook for a seconch Some loose objects were thrown towards the .soetfi 

Aniclesmr. 

One shock for two to foui* seconds, felt by persons at rest. 

Surat district. 

Surat 

D, A. Patel, City Magistrate. — Some people felt one shock for eight to 
seconds at about 2-22 p.m. Chairs moved, hanging objects swung and some clo(]is 
stopped. The observer, working in the court room, did not feel tlie shod, nor 
did the other jieople inside the room, 

T. P. Jeiley, City Survey Officer. — One slight shock for two seconds. His di;,jr 
Wtis somewhat shaken. 

Hazur Mamlatdar, Collector's Office.-— Ale felt one continuous shock which was 
felt by persons sitting on chairs, which wore shaken. Almirahs and loose paper 
racks on tables were observed to be shaking. The movement felt was north south 
at first and later became circular. 


Bardoli. 

L. Crishrudal, Mamlatdar . — One shook for a second. 

Jahlpur. 

M. Manilal, Mamlatdar. — Three slight shocks were felt. 

Bulsar. 

V. N* Pradhan, Mamlatdar. — Two shocks for ten seconds. Clothes spread out 
on strings for drying shook east-west. 

Chorasi. 

M- O. Naik, Mamlatdar. — One slight shock for a second. Water in a lrou[.li 
spilled. 

East Khandesh district. 

WagJioda. 

0. N. Bhargawa, Q. /. P. E. — Three very slight shocks for two seconds. 
dows, doors and loose objects rattled. 

Mr. L. T. Gholap, District Magistrate, East Khandesh, writing from Jnluaon, 
reported that the shock in his district was felt at about a dozen places and was 
very mild as described below : — 

Rawer. 

Two shocks within five minutes, each lasting two seconds. The shocks wore 
just strong enough to be felt by persems at rest and shook the floor and tho walls 
of the room. 

Ohopda. 

A very xniJd ^ibock for a second or two. Floor appeared to shake slightly and 
clothes on pegs moved slightly. 
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^ YavaL 

One very mild shock for five seconds. Hanging objects swung slightly, 

Sarda. 

Siutionmaster, G, L P. i?.— One slight shock for 30 seconds. Time 14*20 (I. 
'P.). H. w'as felt by persons at rest, hanging objects swung east-west and his seat 

HKwed east- west. 

Edalabad, 

One sliglit shook for five seconds. Doors and chairs were slightly shaken. 

Bhusawal (isoseisfmil IV ?). 

Office . — One shock felt for two seconds, causing the flanks of the 

windows to rattle. 

People's Co operative Bank. — One shock lasting 65 seconds ; it was felt by per- 
sons at rest. Windows, and doors shook and tables moved a little north-south. 

Mrs. (>• J- Bower.— Ono shock was felt. Windows and small vases on the piano 
l id tied. Electric fans and lights swung a little. 

F, I). Patil^ D. V. S. Office, G. I, P. U.—Ona continuous but slight shock for 
three or four seconds, felt by persons at rest. Doors and wiiuiows rattled, hanging 
objects swung oast-west and his chair rocked ejist-west. 8ome loose objects fell. 

S, V. Tailang, G. /. P. i?.— One mild shock for 420 sen^onds. Windows rattled. 
Up platform shed swung north-south, a pic^tiire frame on a v all on that alignment 
swung nortli-sc)uth and the overbridge moved in the same direction. His chair 
was shaken, 

Erandol. 

One slight shook for two secumds. Hanging objects swung Jiorth-south. 

NaSTK mSTKtCT. 

Satana. 

Manilatdar. — At Jayakheda and Lohoner in the Satana ialuq the .shock lasted 
’about two to four seconds. Loose objects rattled sliglitly. 

NipJuid. 

Manilatdar of Niphad. — Three shocks lasting about IKO seconds. The obser- 
ver’s chair was shaken. 

Nasik. 

(L Ahaji. — Ho was sitting on the first floor of a house and felt a feeble shock 
lasting two or three seconds which caused him to slia-ke twice or thrice. Doors 
and windows and loose objecjts rattled a little and hanging objects swung slightly. 
Time 2*15 p.m. 

Mr. Dalvi, Pleader. — He felt one mild shock for two second.s. Hanging objects 
swung east-west. Time 2*15 p.m. 

Nasik Road. 

H. L. Khare, Gabinman, 0. I. P. B.—Oae slight shock for 180 seconds. Time 
14’19-14‘21 hours. Window shutters made some noise, lamp wires osci atec anc 
an empty tin fell down from the table towards the north. 

2 c 
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TbANA DISTRICT. 

Bassein. 

Mandaida/r^ Bassein. — He was lying on the bed and felt one shock for a second 
Doors and irindows rattled slightly, 

Bombay, 

N» lAshman (Sun Insurance Office ^ Ltd,), — He was on the top flt>or of a l]ia}j 
five storey building on Altamount Road, Cumballa Hill, one of the highest build, 
ings in Bombay. While resting in a deck chair, he felt, at about 2‘15 p.m, a scries 
of tremors. The second tremor followed the first after an interval of 60 seconds 
and was more intense. The third was the strongest and caused the ceiling 
and light to swing. Ho felt altogether six tremors over a period of seven to eight 
minutes. The tremors were at a speed of about three to the second and in all cases 
the movements commenced with very faint vibrations and reached a zenitli in abcait 
J of a minute. There was a definite period between each tremor when no move- 
ment at all was apparent. 

K, N, Master, Taj Building, Gouali Trunk Road , — He felt three shocks lasting 
about 150 seconds at about 2*17 p.m. The intensity was strong enough to ])c felt 
by persons at rest, sitting as ho was on a bed, and to cause hanging objeetH to 
swing. 

Dharwar district, 

Dharwar, 

E, T, Roger, Executive Engineer , — Two shocks could only be felt by persons 
lying on the bed. Two side mirrors of a dressing table vibrated. 

Deccan States. 

Capt. A. A. Russell, M.C., Secretary to the Agent to the Govemor General 
for the Deccan States and Resident at Kolhapur in a letter to the Director, (k olo- 
gical Survey, stated that the authorities of the Kolhapur and the Deccan States 
intimated that no shock was felt in any of the States on the 15th January lO.H. 

He, however, received the following information from the Dewan of Sawantwadi 
and the State Karbhari of Kurundwad (Senior) ; — 

Sawantwadi (Savantvadi). 

The water of the well known as Chandatali in the Sawantwadi town rose during 
the period from the 16th to the 20th January, 1934, ultimately reached the top 
level of the surrounding pavement and overflowed. 

Kurundwad (Senior). 

The water of some of the wells at Tikota near Bijapur stirred anti 
dashing on the western walls of the wells for three or four minutes on the 15th 
January 1934, 

Hyderabad State (Deccan). 

The Secretary to the Resident at Hyderabad hindly forwarded the folio" ‘”8 
information 
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Aurangabad district. 

Aurangabad, 

One slight shock for three seconds. Water from a fountain rose and flowed 

slight shock was felt for 30 seconds at Bhokardan, 10 seconds at Jalna and 
60 seconds at Paithan. Loose objects rattled and small pieces of rooling material 

Parbhani district. 

At Hingoli, Borala, Umra, Maliwar and Babalgaon of Hingoli taliiq, the shock 
two or three seconds. Hanging objects moved to and fro. In some places 
the cooking utensils that were arranged one above the other fell down. A double 
.storey house was observed shaking. 

At Basmatnagar, Kankhar, Bhendegaon, Hatta Phala of Basniatnagar taluq, 
a slight shock was felt for two seconds. 

At Kalamnuri one slight shock was felt for two seconds. 

Nander district. 

At Ardhapur and Nander one slight shock for two seconds was felt. 

Warangal district. 

At Mulag two mild shocks were felt. Doors and windows rattled and house 
.sccTned to be shaken. 

At Yellandu a mild shock was felt for 120 seconds. 

Gulbarga district. 

No shock was felt in this district but water in the wells rose for two minut(\s 
at Korangal, and at Konkal and Chitanpalli of Yadgir taluq. 

Mahbubnagar district. 

- At Pargi taluq noise of water in the wells of some villages Avas board. 

At Mahbubnagar water in the wells rose for one minute. 

At Nagar Kanml loose objects rattled and water in the wells rose and fell. 

Madras. 


^ Guntur district. 

Bapath, 

J. GopalaraOf TaihsUdar , — ^Two shocks for three seconds causing a reeling sensa- 
tion. 


Chirala. 

Deputy Tdhsildar, — ^Two slight shocks for one minute. Tables and chairs wore 
shaken. 

Ponnur. 

Deputy Tahsildar, — One slight shock for two seconds. A slight sensation w^as 
felt by persons at rest and the observer himself felt a very sh’ght reeding of the 
^ead and a very slight jerk towards the table. 


2 0 2 
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Tiruvottiyur (near Madras). 

Ttuihore H. 8. kishen Singh, Kahdipet-Washermanpet Post, Madras, -Kii 
sitting on an easy chair and his mother resting on a camp cot on the first floor of 
his house. Both of them felt a mild shock causing the chair and the cot to 
a little. A broad piece of wood susj)ended from the roof of the room swun^ )ik< 
a cradle for 180 seconds. The exact position of the village he was in lies half way 
between Tiruvottiyiir and Kaladiepet but close to Tiruvottiyur Police Station. 
The shock was noticed by a very few people. 


Bengal. 

Chittagong Hill Tbacts. 

Rangmnati. 

M. R. Wenger . — slight tremor followed by a strong shock lasting about :Ki 
seconds. A small bookstand oscUlated east-west. 


Burma. 

Yamethin district. 

Yameihin. 

0. D. Steuxirt, Deputy Commissioner, Yamethin disl. — A slight shock was felt 
in a very few villages of Yamethin township. 

Akyab district. 

Ahjab. 

Township Officer. — ^Two shocks for three seconds. Hanging objects s\vun;i 
north-south. 

Superintendent, Post Office, — One shock for 50 seconds. 

F. Ahmad, Meteorological Assistant . — ^Thrcc slight shocks for five scronds. 
Hanging object-s swung. 

K. P. Chalcrahurty, P. W. Department!— Thruo slight shocks for five scioials. 
Hanging objects swung. 

Telegraph Department. — ^Two shocks for 70 seconds. Hanging obj<^ctH swun^ 
slightly. 

PauJetaw. 

Headman U. Tha Oyaw . — ^IVo shocks for three or four seconds. The shocks 
were felt by persons at rest and hanging objects swung north-south. 

Minbya. 

Toumship Officer. — One very slight shock for two seconds. Doors and windows 
rattled. 

Myohaung. 

Village Headman. — ^Two very slight but continuous shocks for two seconds 
were felt at 4 p.m. 
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Kyauktaw. 

Township Officer, — One continuous shock for 180 seconds. The shook was felt 
by persons at rest. 

Buthidaung. 

Township Officer. — Four or five shocks for 40 seconds felt by persons at rest 
at 4 p.m. Doors and windfmTs rattled, hanging objects swung north-south and the 
observer’s seat moved. 

Maungdaiv. 

Assistant Tomnship Officer, —Two slight shocks for throe seconds. 

Abakan Hill Tracts. 

Paletiva {Northern Arakan). 

Head Clerks Superintemdeni's Office. — One shock for 20 seconds. It was felt by 
persons at rest. Hanging objects swung north-south. 

Sagaing BISTRICT. 

Chaungu, 

Mg Tin. -Two shocks for two seconds separated by an inU^rval of two seconds. 
The shocks were felt by persons at rest. 

Lower Chindwin district. 

Monyiva, 

B. R. L. Carter, Deputy (■ommissioner, Lower Chindwin district. — A slight shock 
for half a second. 

Chin Hills district. 

Ilaka, 

Assistarit Snpjerintendent, Haka. — His wife felt one shock when sh(^ was roused 
from her .sleep. Doors and windows rattled and her bed moved. 

Falam, 

Van Huron, Chief of Tashon Tribe. — One shock felt by persons at rest. Doors 
and windows rattled and the observer’s seat was shaken. 

Northern Shan States. 

Loiseng, {Tawwpeng State). 

V. C. Pitehfmd, Assistant Superintendent, Namshan. — Two or three shocks for 
15-20 seconds. The shocks wen^ felt by persons at rest. 

Myitkyina district. 

Lauhhaung. 

C. C. Fisher, Assistant Superintendent, Lauhhaung. — One shock, at about (?) 
1 .8 p.m., for ten seconds. It was accompanied by a rumbling noise which lasted 
during the shock. Doors and windows rattled, hanging objects swung and the 
observer’s seat moved. 

Fort Hertz {HMmti Long), 

W. M. F. Gamble, Meteorological Observer, — One shock lasting about ten seconds 
was felt inside the bungalow, which is supported on a raised structure. People 
sitting on the ground outside did not feel the shock, during which doors and win- 
dows rattled and the bungalow vibrated slightly and creaked. 



CHAPTER XXIX. 


SHOCKS REPORTED OUTSIDE THE GENERAL LIMIT. 

Burma. 

The Sub-Postmaster of Myawaddy village, Amherst district, Burma reported 
that a shock was felt in the village. This is nearly 300 miles from the rKvirest 
limit at which the shock was certainly felt in Burma, with the thickly populated 
city of Rangoon intervening. It is doubtful whether the movement at Myawaddy 
had any relation to the earthquake shock. 

South India. 

Several reports of a shock were submitted from the west coast of South India. 
In the Preliminary Report, published in 1934, this was referred to as a sympathetic 
shock. A further perusal of the reports leaves some doubt whether the movement 
felt was certainly connected with the earthquake, and it is even more doubtful 
whether slight cracks or settlement in buildings in that locality were caused by the 
movement — after an earthquake such effects are noted even although they in iy 
liave actually existed previously. 

The area, at its nearest point, is some 300 miles from the southern limit of the 
general shock. There is, of course, the possibility that there was a local iiKTcaso 
in intensity on this narrow coastal strip of recent unconsolidated sediments similar 
to the local increases in intensity which occurred at the mouths of the Godavari 
and Mahanadi rivers. 


South Kanaka district. 

Mangalore. 

Mr. E. M. Gawne, Collector of South Kanara, has supplied the following infonn:i« 
tion as recorded at St. Aloysius’ College, Mangalore : — ^The shock was recorded at 
14.17 hours and the needle of the seismograph regained its usual calm after 15 
hours. Father Ferroli felt one shock in his room. The Electric Power House, 
erected in 1933 on low-lying and comparatively soft ground near the railway station, 
was cracked in several places. 


Cochin State. 

Mr. H. R. Uzielli, C.I.E., Collector of Malabar district, writing from Calicut, 
stated that some persons indoors felt the shock at Cochin and nowhere else ‘n the 
district. The shock is said to have lasted there for a few seconds and caused over- 
head electric fans to swing. 

Cochin (Ernakulam P. 0.). 

R, 0, BristoWf Harbour Engineer in Chief to Oovemment, Madras.— A momen- 
tary shock. Some people felt a slight giddiness os if they were being rocked. (The 
Harbour Engineer's office, quarters and other new buildings on the reclamation 

( 380 ) 
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subsided an inch, for the most part the subsidence was oven, but one of the quarters 
sank chiefly at the southern end, but this may bo duo to other causes.) 

Travancorb State. 

Alleppey. 

Tdksildar * — One not very strong shock was felt by persons at rest. Water 
in tanks and wells was disturbed and in certain tan^ moss and lichen wore 
drifted ashore on the southern sides. 

Other Shocks. 

Several weak shocks were felt, in the early hours of the morning, by a number 
of people in the Anaimalai Hills, Coimbatore district and in some places of Madura, 
Ramnad and Tinnevelly districts of South India, between 11th and 16th January 
1934. The shocks were just strong enough to be felt by those who happened to 
be awake at the time and in a very few instances to awaken people from sleep* 

A shock of similar intensity was felt at Dibrugarh at 11-20 hours on 14th Janu- 
ary 1934. 

The Meteorological Observer at Fort Hertz in Upper Burma recorded minor 
tremors from 13th January 1934 for several days. According to him such tremors 
are very frequent there at that time of the year. 

Some persons, in one or two places of Amherst and Mandalay districts of Burma, 
felt a feeble shock on the midnight of 16th January 1934 and the Subdivisional 
and the Townsliip Officers of Toungoo, headquarters of the district of the same 
name, reported a slight shock there at 1 a.m. on 16th January 1934. 

None of the above shocks appear to have any connection with the major shock 
that took place in Bihar on the afternoon of 16th January 1934, and may bo re- 
garded os of local origin. 



SECTION D.~NEPAL. 


(J. B. Auden.) 

CHAPTER XXX. 

NEPAL TERAI AND HILL TRACTS. 

Introduction. 

Before describing the damage incurred in Nepal, it is well to point out that 
the information was obtain^ by making three traverses : — one in the neighbour- 
hood of Katmandu, map number 72 E ; one to Udaipur Garhi, 72 J ; and finally 
one to Dhankuta, Chainpur, Taplejung and Darjeeling, 72 M and N, 78 A. In 
spite of requests that the Hakims (Deputy Commissioners) of the various districts 
should send in reports as to the extent of damage in their tonitories, no informal 
tion was forthcoming. Consequently reliance has to be made upon the threi* 
traverses, carried out along isolated routes. In places the discrepancies in damage 
between adjacent villages along these routes were sufficiently large to prevent any 
confident differentiation of the area into isoseismals. If more time could have 
been spared and a wider area covered, these discrepancies would prol)al)ly lia vc 
almost balanced out and a more certain delineation of the isoseismals would have 
been possible. 

In an abstract translation from a vernacular memorandum, No. 565, dated 
the 9th Aswin Samvat 1993 (24th September 193ft) from the Nepal (^vemnient 
Office to the Nepalese Officer attached to the British Legation in Katmaiulu, tlu' 
following details of damage in Nopal have come to light. 


Regions. 

Number 
of houses 
levelled 
to the 
ground. 

Houses 

cracked. 

Houses 

partly 

orack^. 

KortL 

liOUSuH 

damaged. 

Houses in the three principal 
towns of the Nepal valley, 
including surrounding vil- 
lages. 

12,397 

26,658 

17,684 


Hilly tracts of eastern and 
western Nepal. 

64,742 

73,253 

1,266 

• • 

Terai of eastern and western 
Nepal. 

3,764 

6,610 

2,884 


Total 

80,893 

104,621 

21,834 

492 
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It will be noticed that the number of damaged and collapsed houses in the 
terai is not very great. This is not to be explained as due to any paucity in the 
number of villages, but rather to the fact that the village houses in the terai are 
largely built of mud, or of bamboo plastered with mud. Such houses suffered 
jess damage than the brick and undressed stone houses of tho hilly tracts. 

Isoseistnal X. 

Terat ; JoltdWdf* — It wius reported in Sirha that the damage at dales war, 19 
miles E. N. E. of Sitamarhi, was very severe, and that houses had slumped ex- 
tensively into the ground. It is probable therefore that a small portion of the 
Nepal terai lies within isoseismal X. 

Isoseismal IX. 

Terai : Jaynagar-Sirha-Muksar. — From the Nepal frontier, just north of Jay- 
nagar railway station, is a belt of flat alluvial terai 18 miles in width. Jaynagai* 
is approximately 230 feet in altitude, while Muksar, at th(^ foot of th<‘ Siwaliks, 
lies on the 600 foot contour, so that the upward gradient of the terai is only 16 
feet per mile towards the north. Sand vents were scarce between Jaynagar and 
tho Kamli river but were prevalent around Sirha. At Sirha it was slatf'd that 
the first movements were horizontal and were followed by destructive vertical 
vibrations. The ktiicha-pncm lious<^s at Sirha all collapsed during the second 
phase, but the inud-plast(;re<l bamboo huts suffered little damage. Tla^ wells 
were only slightly choked by sand. Sanding, fissures and slight faults in the allu- 
vium occurred sporadically as far as the Siwalik hills, but were not common lieyond 
Nipania (26° 48' : 86° 21'). Fields at Koilpur (26° 41' : 86° 17') apixvired to Ix' 
extensively covered by sand, but two of them when incasured proved to be aifected 
only to the extent of 0-4 and r’4 per cent. The only damage at Nipania was the 
o(!currence of cracks in the kuirfia-pU(xa houses. A small aftCi'shoc.k was felt by 
myself at this village at 06*03 on the lltli March .1934, when rapid vertical vibra- 
tions were accompanied by a low rinnbling sound, sufficient to set all tho villagt; 
dogs barking earlier than their ae<justomed hour. Slight sanding was noticetl as 
far as Amraha, beyond which it was absent on the gentle gravel slopes rising up 
to the Siwalik hills. 

Terai : Joghani-Dkarayi Bazar. — The width of alluvial terai between Jogbani 
and the Himalayan foothills is 25 miles. Jogbani is about 220 feet above sea level, 
while the foot of the Siwaliks is, in tMs part, at 1,000 feet, the average upward 
gradient to tho north being 31 feet per mile. 

Biratnagar (26° 28' : 87° 17') is a large town four miles north of Jogbani and 
is the headquarters of the Terai district between the Kosi and Ratua rivfvrs. Most 
of the houses, built of woexi with corrugated iron roofs, escaped severe damage, 
some being quite unaffected. The new granaries built of sttxJ girders with corru- 
gated iron roofs and sides were also quite undamaged. The official buildings were 
all kuicha-^pucca houses of brick and mud binding. All were rendered uninhabitable 
and many collapsed. 

Sand vents and fissures were rare around Biratnagar, but became worse at 
Sindhwari (26^ 32' : 87° 17') and MandheU (26° 36' : 87° 16'). Sand vents persisted 
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as far as Hatia (20® 43' ; 87® 15'), but ceased on entry into the jungle-covered Blialioi- 
zone. 

Few of the houses by the side of the bullock cart track to Bharan were damaged, 
since most were built of corrugated iron. Several huts with t^ck thatched roofs 
were tilted over on accoxmt of the inertia of the superstructure. 

In Bharan Bazar (26° 49' : 87° 17') the damage was very severe. 48 deaths 
were reported and in every house one or more walls had fallen. Bestruction was 
equally severe in the bazar as in the upper town built upon a 250 foot terrace of 
gravels. Several walls of the Pindeswari temple, and the outer walls of the Bijapur 
temple were badly damaged. An ornamented pinnacle on the Pindeswari temple 
was bent over towards the E. S. E. 

The houses in Bharan Bazar are badly constructed, having a core of undressed 
rounded boulders, taken from the river, faced on both sides by bricks set in a mud 
binding. At the time of visit reconstruction had already begun. Cross beams 
could be seen resting on narrow pegs driven into the verticals and loosely tierl to 
them by thin strips of metal sheeting. The walls of these new houses wore being 
built in the same manner as those that had collapsed, and a more imstable type 
of building could scarcely be imagined. 

HiUy Tracts : Muksar-Udaipur . — ^The direct route to Udaipur via Muksai and 
the 2,200 foot col over the Mahamanda Banda (Siwalik Range) was not followed 
since it was stated to be highly dangerous on account of rock falls having rendered 
the Gobarjal (Bhauri) Valley impassable. An alternative route up the Rae nah 
was taken, up which were s^n small rock falls in the soft Siwalik sands and clays. 
Minor sand vents occurred in the sandy bottom of the valley. On the return 
journey from Udaipur to Sirha one local coolie was persuaded to overcome his 
fear and to lead a way down the Gabarjal nala to Muksar. Rock falls were plenti- 
ful all the way down to Muksar, in four places having formed lakes that had (!om- 
pletely blocked the narrow valley. Two of these lakes had emptied at the time 
of visit, while the larger of tte remaining lakes was about 600 feet long, and, owing 
to silting, only about 25 feet deep. The volume of rock fall from the Siwalik 
sandstones which had dammed this lake may be estimated very approximately 
to have been 250,000 cubic feet. The second remaining lake was 300 feet in 
length and very shallow. 

One and a quarter miles to the south of Muksar (26° 52' : 86° 23') the edge of a 
terrace of old, probably Pleistocene, gravels 40 feet in height had extensively col- 
lapsed into the plain below. This is illustrated in Plate 27, fig. 2, in which 
also may be seen rock falls in the Siwalik sandstones along the southern border of 
the Siwalik range. 

At Risku (26° 58' : 86° 26') the damage was not extensive and most of the 
houses were inhabitable. This village lies at an altitude of 1,900 feet in a valley 
on a low terrace of river gravels, a situation where the damage might be expected 
to have been severe. 

Udaipur Garhi (26° 57' : 86° 32') is the headquarters of the district of this name, 
but is only a small village, consisting principally of a temple, jail, police station, 
kutchery and officiaPs quarters. 267 deaths were recorded from the district. The 
village lies upon the crest of a ridge of clays and argillaceous sandstones belonging 
to the Nahan stage, at a height of 4,560 feet. The houses are built upon a clay 
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soil cap which waa formed at a time when the ridge was covered by forest. In 
contrast to the little damage incurred at Risku, Udaipur showed almost complete 
collapse. All the official buildings fell, while not a village house escaped severe 
damage or collapse. The jail prisoners were chained together and housed in a 
shelter built of sal timber and leaves. The buildings at Udaipur Garhi am con- 
structed of bricks and irregular blocks of Nahan sandstones set in a mud binding. 
Monoliths of the temple fell over towards the N. N. E. and north-cast. 

The thin soil cap upon the Nahan sandstones was fissured and in one place along 
the scarp face of the ridge the sandstones were step-faulted along joint planes 
down towards the south-western scarp face. A boulder of sandstone resting half 
enclosed in a hollow in the soil was dislodged over a distance of 9 inches (23 cm.) 
towards the north-east. 

The spurs to the north of Udaipur belonging to the Mahabharat Dekh were 
everywhere scarred by rock falls of weathered gneisses, schists, and quartzites, 
(Plate 27, fig. 1). 

Most of the neighbouring villages to the north also suffered damage. Com- 
plete destruction was said to have occurred at Quibhir, Bhalaidhara, Dumbri and 
Chiakamen. 

Hilly Tracts : Dliaran-Tamhur nrer.— The path between Dharan Bazar and 
Dhankuta ascends over a pass 4,500 feet in height through an outcrop of shattered 
vitreous quartzites. Rock falls were abundant in these quartzites on both sides 
of the pass (Plate 26, fig. 2), one on the north side blocking the path for a 
distance of about 100 yards. 


Isoseismal VIII. 

Terai : Raxaul-Birganj. — Between Raxaul and Amlekganj the chief moans of 
communication is the 2J foot gauge Nepal Government Railway. A bullock cart 
track runs alongside the railway, and was used by motor cars after the railway had 
been put out of action. Birganj is the headquarters of this railway. The station, 
the pucca houses of the railway quarters, and the high water tower by the station 
were not damaged. Damage was worse in the case of the kutcha-pucca houses of the 
bazar, where several cases of collapse were noticed in walls orientated oast- west. 
The piers of some of the bridges near Birganj wore cracked and the line itself was 
considerably buckled. Fissures and sanding were extensive between Raxaul and 
Birganj, but became uncommon between Parmanipur and Amlekganj. No damage 
was noticed at Parmanipur either to the bridges or to the village houses. 

Hilly Tracts : Bhimphedi-Chandragiri, — Sisagarhi is a village situated upon 
a N. E. — S. W. ridge. Many old and badly built houses collapsed, the walls run- 
ning north-south being the most affected. The N. E.— S. W. walls of the Maha- 
raja’s private bungalow were cracked, the width of separation being up to 1cm. 
Two chimneys fell, one towards 100® and the other towards 140®. One of tho 
N.W. — S.E, walls in the cook house of the Dak Bungalow collapsed. 

From Sisagarhi numerous landslides were seen south of Bhimphedi on tho 
northern slopes of the ridge culminating in hill 8297. 

Kutchlijor ; the north-south walls of some of the houses fell eastwards. Most 
of the houses were cracked. 
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Chitlang : at Chitlang there was oonsiderable ooDapse^ and one person was killed. 
The N. W.— S. E. walls were the most affected. 

Hilly Tracis : North-west of the Nepal valley, — ^Thansing ; some of the buildings 
were slightly cracked. The dharamsala was unaffected. A village one mile to the 
north of Trisuli Bazar (27*^ 56' : 85° 08'), lying upon an alluvial terrace, was more 
severely affected than the town itself. Partial collapse was noticed in 
houses, and most of them were cracked. 

Gerkuta ; the edge of the terrace of gravels and sands collapsed into the Trisuli 
river. 

Syabni (28° 08' : 85° 20') : the travel permit did not extend as far as this vil- 
lage, which lies a day’s march beyond Betrawati (27° 59' : 85° IT). It was ro- 
ported in Betrawati that 35 houses collapsed in Syabru. This village lies at an 
elevation of 8,000 feet, 2,200 feet above the Langtang Khola, and probably there- 
fore is not situated upon an alluvial terrace. It is difficult to account for the re- 
ported severity of the damage, and it is possible that the presence of cnicks w:us 
considered to be a major catastrophe. 

Hilly Tracts: DhanJcuta-Ghainpur-Taplejung . — Dhankuta (26° 59' : 87° 21') is 
the headquarters of the most easterly of the Nepal districts. The town is situated 
upon a north-south ridge between the Arun and Tamur rivers and lies at an eleva- 
tion of from 3,500 to 4,150 feet. 161 deaths were reported from the district. The 
damage to Dhankuta was very uneven. The hospital and male and female jails 
collapsed completely, while the kutchery and Bara Hakim’s quarters, which arc 
higher up upon the ridge, were cracked so severely as to necessitate demolition. 
The walls orientated north-south collapsed more than those nmning east- west. 
In contrast to this damage, the main part of the bazar was practically unalfectcci, 
except for minor (.racks. This is surprising since the bazar lies upon the same ridge 
as the official buildings, and, like them, appears to have been built mainly of bri( k 
and mud. 

Two destructive landslides occurred, situated 6 and 9 miles north-west of 
Dhankuta and causing respectively 30 and 13 deaths. Many villagei’s wore out 
on the hill-sides at the time of the earthquake cutting grass and were caught h\^ 
the falls of mica-schists and gneisses. 

At Pairibas and Legua Ghat parts of old walls fell, the main movements being 
east-west. At Kumal several houses were cracked, but there was no coilaps(^ Th(‘ 
soil cap was fissured on the steeper slopes. 

At Chainpur (27° 17' ; 87° 20') the damage was very slight. Two houses fell 
while some others were cracked, but the majority of buildings and the temples 
escaped completely. 

At Nundhaki (27° 19' : 87° 28') there was little damage to the village itself, 
but numerous landslides were noticed in the neighbourhood, most of thtun ])eing 
old shps that had been set in motion again by the earthquake. One slip 1| miles 
N. N. W. of the village originated at the time of the shock. 

At Dumahan (27° 22' ; 87° 37') a few of the houses were cracked but the damage 
was slight even in the case of buildings situated upon the edge of the river teiTace. 

Taplegung (27° 21' : 87° 40') is an important village along the route into Tibet 
vid the Tamur river and its tributary the Yangma Khola. Reports which reached 
Katmandu suggested that the town had been wiped out and that a volcanic 
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cniption had blasted away a large area of the mountain side, Tho only building 
which suffered severe damage was the jail. Both the compound walls built of brick 
and mud and orientated N. N. E, — S. S. W. collapsed, while the interior building 
of un<ire8sed boulders of phyllite also fell. Houses belonging t o the Hakim and the 
master tailor were cracked as well as several in the bazar and t wo temples. Taken 
a whole the damage was very slight. Taplejung is built upon chlorite phyllites 
of the Haling series (Auden, 1935, Plate 8), and it may be remarked that there 
are no volcanoes in tho neighbourhood. An extensive area of landslip, about 
three square miles in area and lying from one to two miles north-east of the 
village, originated in 1927, presumably as a result of the li(‘avy monsoon of that, 
year which also caused the destruction of the railway bridge over the Gandak river 
at Chhitauni Ghat. Another area of slip occuis near Dokhu, about three miles 
E, S. E. of Taplejung and is said to have begun in 1924. Tho slips due to tho 
earthquake are unimportant in this region and inferior in size to those which 
were initiated before it. 

Fissures were formed as a result of the earthquake on the Angbung ridge. 


Isoseisinal VII. 

Terai : Amlekganj , — From mile 17 on the Nepal Government railway to Amlek- 
ganj, the railway and kutcha road pass over jungle covered gravels. A few buckles 
in the line were noticed, but the damage was slight. Amlekgarij was almost un- 
affected except for minor cracks. Sporadic sand vents were seen. Tlic buckled 
railway line should be regarded as within isosoismal VllI, but Amk^kganj itself 
may be placed in VI I, since cv(^n the hitcha-pvcca bazar houses were onl y craciked. 

Uilly Tracis: Anilekganj-Bhimphedi , — From Amlekganj (27' 17' : 85' 00') 
to Bhimphedi (27° 33' : 85° 08') there is a pucai road suitable for heavy motor 
traffic. The road passes through a short tunnel over the Siwalik jaiige at Churia 
Ghat, which was undamaged. One pier of the bridge over the Karra river collapsed 
and the traffic had to be diverted over an adjacent temporal y biidge. 8ainri 
bridge was unaffected. Slight cra('ks were seen at Bhainse Doblian, in a largo 
brick house two miles higher up, and at Dharsing village. Tho rope-way from 
Dharsing to near Katmandu was undamaged, although tho shock was violent enough 
to prevent people from standing. 

Hilly Tracts : North-tvesl of Nepal valley , — Nawarkut (27° 55' : 85° U)') is th(^ 
<*apital of the district of that name. Brick-panelled house's w(Me hy 

some large cracks, but not severely enough to make most of the buildings unsafe^ 

Trisuli Bazar: the suspension bridge over the Trisuli river was undamaged. 
Some of the houses were cracked. 

Betrawati (27° 59' : 85° 11') : in this village severe cracks were noticjcd, but 
not severe enough to necessitate demolition and re-building. 

Hilly Tracts : Kast of the Nepal ralUy . — ^The villages on th<; east side of the 
Nepal valley beyond the Nagarkot ridge were almost undamaged. Naldun, Bali- 
napati, Sirtibas and Upper Deopur were scarcely cracked. The houses in the lower 
Beopur village (27° 44' ; 85° 36') were cracked somewhat more severely but not 
sufficiently to render them unsafe. 
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NEPAL (KATMANDU) VALLEY. 

Introduction. 

In describing the damage of the Nepal v0ey it has been thought advisabli* 
to depart from the normal procedure of treating each isoseismal area in the general 
narrative which includes India, since it is considered that the account would lose 
cogency by being divided up into separate sections each referred more to areas 
of similar apparent intensity in Bihar than to one another. The Nopal valley 
forms a unit which is best described in a continuous sequence. 

The Nepal or Katmandu valley is an enclosed basin about 100 square miles 
in area and lying at an elevation of 4,500 feet. It is completely surrounded by 
hills except for the Pharping gap on the south side through which the Bagmati 
escapes. 

The population of the valley is given in the 1920 census as 306,909, and the 
number of houses as 66,440. The death roll was about 3,400, or a little over one 
per cent. The number of houses which collapsed to the ground was 12,307, 
nearly 19 per cent, of the total. 25,668 houses (38 per cent.) were badly cracked. 
These figures refer to the whole valley ; the percentage in isoseismal X naturally 
being greater and in isoseismal VIII less than the average. 

The valley resembles that of Kashmir in that a basin within the mountains lias 
been partially filled by Pleistocene and Recent fluviatile and lacustrine sediments. 
In the case of the Nepal valley, rejuvenation has caused the numerous branches 
of the Bagmati river to cut steep sided valleys in to these sediments up to a maxi- 
mum depth of about 350 feet. The more general depth is about 150 feet. The 
present disposition of these sediments is therefore in the form of a series of flat 
terraces with intervening flat-bottomed valleys. The strata filling the basin con- 
sist of gravels, sands, sandy clay, a stiff blue clay and lignite. The basement of 
these river and lake deposits eonsists of a varied assemblage of pre-Tortiary ortho- 
and para-gneisses, schists, slates, granulites, quartzites and limestones. Spurs of 
pre-Tertiary rocks penetrate into the basin from Deochak to Kirtipur, from Sheo- 
puri to Boddhnath and from Nagarkot to Changunarayan. 

The principle towns, Katmandu, Patan, Bhatgaon and Sankhu, lie upon Ter- 
tiary and Quarternary sediments. 

There are therefore two contrasted types of rocks ; — the compact metamor- 
phics and partially metamorpho.sed pre-Tertiary series ; and the young uncon- 
solidated fluviatile and lacustrine strata. The latter resemble the beds comprising 
the Gangetic alluvium, with the important difference that their disposition in the 
Nepal valley as terraces bounded by steep cliffs permits the ready escape of v atcr 
by seepage, and therefore prevents the formation of water-logged quicksandH. 
Hence the seismic phenomena associated with mobile alluvial quicksands, such 
as occurred in the Gangetic plain, were absent from the Nepal valley. Only on(* 
small group of sand vents was observed in the valley, in a field near Harisidhi, 
a village 3 miles south of Patan. Fissures were occasionally noticed, as along the 
eastern side of the parade ground at Katmandu, where slight faulting had thrown 
the alluvium down very locally to the extent of a foot. General subsidence of 
the ground, and tilting and slumping of buildings were entirely absent. The type 
of damage in the Nepal valley was similar to that at Monghyr and not to that in 
the central slump belt of North Bihar. 
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In spite o| the absenoe of water-logged sands in the Nepal valley, there was a 
marked oontraiet between the apparent earthquake intensity experienced over the 
alluvial area and that manifested on the surrounding 'outcrops of harder rock. 

The damage in the Nepal valley was in general slight in the case of bouses built 
upon the pre-Tertiary rocks bordering the valley and forming inliers and promon- 
tories into it, while it was much worse to buildings situated upon the young 
unconsolidated sediments, (Plate 26, fig. 1). Isoseismals IX and X are completely 
confined to the alluvial tracts in the valley, while the outcrops of pre-Tertiary 
rocks are characterised by an apparent intensity between isoseismals VIII and IX. 


Isoseismal X. 

Isoseiamal X encloses a narrow tract running E. N, E.— W. S. W, at the eastern 
end of the valley in which are situated the town of Bhatgaon and the villages of 
Khokna, Bagmati and Harisidhi. There was a 100 per cent, destruction of houses 
in the villages, and the few temples in them which did not actually fall, were cracked 
and distorted beyond hope of repair. The condition in the three villages mentioned 
above was one of such ruin that streets and alley-ways were completely blocked 
and their former alignments were often impossible to discern. The death rate 
was very high and bodies were still being recovered from the ruins at the time 
of visit one month after the earthquake had occurred. 354 people perished in 
Bagmati and Khokna alone. 

In Bhatgaon there was about a 70 per cent, destruction of houses. Counts 
along parts of different streets showed the following percentages of collapsed 
houses ; — 100, 77, 83, 40. Some temples suffered less, and the famous Nyajpola, 
or Five-roofed Temple, which was built in 1703, escaped except for minor falls from 
the eaves of the roofs. The Vhairaba temple on the other hand collapsed com- 
pletely. The extent of damage is manifest by a comparison of Plate 25, fig. 2, 
in the Memoir with the Plate on page 215 of Volume I of Landon’s ‘ Nepal ’. The 
contrast between these two photographs, taken from almost the same spot, estab- 
lishes the extent of damage which did occur and which is not at first evident from 
an inspection only of the plate figured in this Memoir. 

Many of the great pillars with molded capitals, structures which would be 
expected to have fallen on account of the inertia of the heavy mass at the top, 
remained upright. An example is the magnificent Bhupatindra Malla shown in 
Plate 26, fig. 2. Some pillars were, however, tilted slightly, such as that in front 
of the Dattatraya temple which was tilted towards the north, but in general these 
structures remained unaffected and are evidently very firmly embedded in the 
ground. ^ 

The houflis which escaped collapse were built of well-shaped polished brick 
which had been properly baked and neatly laid together. The damaged houses 
were built, in general, of poorly baked bricks and laid with an excess of mud bind- 
ing. - ^ 


Isoseismal IX. 

Isoseismal IX follows very approximately the boundary between hard rock 
and the alluvial sands, gravels and days. 
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Katmandu , — Independent estimates by Colonel Smith, I,M.S., and in} If 
indicated that about 26 per cent, of the houses in the town collapsed. For the 
most part the houses are built of badly baked brick with abraded comers and laid 
together with an excess of mud binding. The damage appeared to be worse in 
the slightly more elevated part of the town than on the slopes leading down to the 
east and west. North-south and east-west walls wore equally affected. A badly 
damaged area was around the Hanuman Dhoka. The Jagannath temple was tilted 
over towards the south and a satellite temple near by towards the east, while' tlui 
(capital of the fine pillar (figured on page 128 of Volume I of Landon’s ‘ Ncpnl ’) 
fell to the ground in a northwardvS direction. The top roof of the Pali t(‘mp]e fell 
towards the W. 8. W. The famous Dharara, or Bhim 8en tower, is a brick morm- 
ment which was ten storeys and about 160 feet in lieight. Five storeys (collapsed 
as a result of the earthquake. It was reported in Katmandu that this tower was 
once even higher than ten storeys, and that two of them fell during the 1833 earth- 
quake. ^ The double storey portico of the Tri Chandra College, which was built 
in 1018, collapsed to the east, smashing the compound wall, (Plate 24, fig. 1). 

The largo palaces ()f the ruling family of Nepal were badly affected. The walls 
of these palaces are thick but arc built of x)oor materials with an excess of mud 
binding and with only a facing of mortar. The wings were the most severely 
affected parts of these buildings. 

The oast-west walls of the Singha Durbar Palace showed considerable collapse, 
particularly that on the south side which fell towards the south. The whole palace 
was badly crac^ked. 

At the pala(;c of Conoral Sir Kaiser Sum Sh('r tluj north-south wings suffered 
most. Of eight brick pillars erected in the garden, intended for the training of 
creepers, s(jvcn fell. The direeiions of fall were to the north, north-west and 
south-east, and the acceleration calculated according to West’s formula w;is 
2,048 mm. sec. per ae<;. The band.stand roof fell to the N. N. E. 

Partes of the ca,st-west walls of the palace of Sir Mohan Shiim Shore collapsed. 
J'lie Durbar Hall was very badly cracked, particularly at the arches. Jack arch 
platt^s were bent. A stone ball, two feet in diameter, was thrown to the ground 
from the roof at the south-east corner of the building, a horizontal distance of 120 
feet towards the S. S. E. 

'Phe north wall of the palace of General Krishna Shum Shero was comi)lcfcely 
df'siroyod and the whole building was very severely damaged. 

At t he Ijt'.gatioii compound the kiMia-pucm bungalow^s on the east side of the 
compound were only slightly damaged, a bungalow built at tlie end of 1933 beuig 
untouched. 'Phe houses of the Legation Doctor and of the Superintendent were 
the most affected, some of the walls collapsing. Chimneys in the Siii)erintendent’.s 
liotise fell eastwards. Pillars in the garden of the British Minister fell towards 
the east and E. S. E. 

The north and south walls of Mr. Kilburne’s house partially collapsed. 

J*i liars in the garden fell to the north and south, and indicated an acceleratiiui of 
2,044 mm. per sec. per sec. 

1 Bhim Son committed suickle while a prisoner in 1839 on hearing that his wife 
had been compelled to walk the streets of Katmandu naked. Unless the Dharara 
was erected during Bhim Sen’s life time, this report is inaccurate. 
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Patan ^ — As in the case of Katmandu, there was about a 25 per cent, destruc- 
tion of the houses in Patan. Now buildings of polished brick escaped the worst 
damage in the same manner as at Bhatgaon. Destruction was severe in the Theima 
Thola. The Matsyandrinath temple was completely broken, but the pillars sup- 
porting statuettes of the God's favourites remained intact. 

The private palace of His Highness, the Maharaja, was badly damaged, his 
own compartments at the south-west end and the north wall collapsing. A de- 
corative pot on the top of the south verandah fell to the ground in a S. S. W. dir- 
ection. The zoo enclosure was quite unaffected although surrounded on all sides 
by damaged buildings. 

At Thimi about 80 per cent, of the houses were cracked and 25 per cent, badly 
damaged. At Sankhu between 30 and 40 per cent, of the houses appeared to 
require complete demolition. 

At Dharamtali, four miles north of Katmandu, the collapse of houses indicated 
an approach in apparent intensity to isoseismal X. About half the houses fell 
and many of the roofs lolled over towards the east. This village lies on the top 
of a narrow ridge of clays and sands, and may be considered to liavo shaken as 
if it were the top of a structure the total height of which was equal to the height 
of the terrace and buildings combined. 

Isoseismal VIII. 

The area enclosed within isoseismal VIII corresponds approximately with 
the outcrops of pre-Tertiary rocks. There were numerous small rock falls in the 
highly weathered pegm ibites of the Sheopuri Lekh, but the crumbly and unstable 
nature of these rooks does not necessarily indicate any high intensity of the earth- 
quake waves. 

Pashupatinath, Boddhnath and Swayambhunath, three of the most sacred places 
of pilgrimage in Nepal, escaped severe damage. 

Pashupatinath lies upon weathered schistose quartz-grauulites and is well built 
of large out blocks of stone. It was undamaged. 

Boddhnath lies on clays probably derived from the weathering of the under- 
lying basement rocks and was also undamaged. 

Swayambhunath has the finest situation of any building in the valley, lying 
on the top of a hill about 300 feet in height above the general valley level. 
The hill is covered by loose boulders of quartzite and granuUte which are cer- 
tainly part of the solid rook of which the hill must be made. The temple itself 
was undamaged, but some of the satellite temples and the dharamsalas were cracked. 
Landon states (Vol. I, p. 38) that this temple was damaged in the 14th century 
by a violent earthquake and was repaired by Jyotir (died 1427) in the early 15th 
century. 

The new hydro-electric dam erected above Sundarijal was unoracked and 
Nagarkot (27® 42' : 85® 31') was almost undamaged. The bungalow at Kakuni 
(27® 49' : 85® 16') on the other hand, was very badly cracked and had to be 
demolished. 
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Agra (27» 08' : 78“ 01') 

• 




2, 24, 49, 62, 63, 66, 
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• 




67, 69, 60, 62. 64- 
67, 74, 90. 110*112, 
116, 291. 

2, 378. 

Alamnagar (25^ 34' : 86° 66') • 
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• 

• 


268. 

Allahabad (26“ 26' s 81“ 66') . 


• 

» 


23, 41, 77, 80, 116, 

Aliporo (22“ 32' : 88“ 20') . 

• 

• 



117, 274, 276. 

49, 62, 66, 67, 69, 60, 

Ambala (30* 24' ; 76“ 48') . 

• 

• 

• 

• 

62. 64-67, 74, 90, 
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133, 361. 

Ambonia (3“ 42' : 128“ 10') . 

• 

• 

# 

• 

66. 

Amlekganj <27“ 17' : 86“ 00') 

• 

• 

• 
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Arana (26“ 06' ; 87“ 24') 
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48, 106, 268. 

Arrah (26“ 34' : 84“ 40') 
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22, 269, 284. 

Asansol (23“ 42' « 87“ 00') . 
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• Azimganj (24“ 14' : 88° 18') . 
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Bagaha (27° 06' : 84“ 07') . 
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Bagmati (27“ 38' ; 86“ 18') . 


• 
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Bahadurganj (26“ 16' : 87“ 49') . 

• 
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266. 

Eahera (26“ 06' : 86“ 07') . 

• 




232, 233. 

Bakhtiarpur (26“ 27' : 86“ 32') 

• 




262. 

Bangaon (26“ 62' : 86“ 32') . 

• 




268. 
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• 
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270. 
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• 

• 

« 


14. 

Barachakia (26“ 24' : 86“ 03') 

• 

• 

• 


34, 222. 

Barh (26“ 29' ; 86“ 43') 

* 

• 

• 


1, 20, 244, 246. 

Batavia (6“ 11' ; 106“ 60') . 

• 

• 

• 

• 

66. 
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• 

• 

• 
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• 

269. 
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a 

• 

a 

• 

37, 226, 226. 

Benares (26° 19' : 83° 03') . 

• 

• 

• 

• 
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(24° 06' : 88° 18') 

• 

• 

• 

• 

• 

« 

* 

233. 

272,320. 

Betrawati(27°69' : 86° 11') 


• 

0 


387. 

Bettiah (26° 48' : 84° 30') • 

• 

• 

• 

• 

22, 40, 42. 82, 114, 
248. 

Bezwada (16° 30' : 80° 36') . 

• 

• 

0 

• 

2. 

Bhagalpur (26° 16' : 87° 00') 





22. 77, 116, 117, 263. 

Bhaptiahi (26° 18' : 86° 42') . 

• 


• 

• 

237. 

Bhatgaon (27° 41' : 85° 27') . 




♦ 

1, 17, 18, 116, 163, 
389. 

Bhimpedi (27° 33' : 86° 08') . 

« 


0 

. 

45, 387. 

Bhimnagar (26° 31' : 86° 67') 

• 




237. 

Bihar (26° 11' : 86° 31') 

« 

• 

a 


22, 262, 263. 

Bikram (26° 27' : 84° 61') . 

• 

• 

0 


23, 262. 

Bilaspur (31° 20' : 76° 46') . 



0 


124. 

Biratnagar (26° 28' : 87° 17') 

• 

• 

• 


48, 383. 

Birganj (27° 00' ; 84° 53') . 


• 

• 


386. 

Boddhanath (27° 44' : 86° 23') 


• 

• 


21, 163, 391. 

Bodh Gaya (24° 42' : 86° 00') 

• 

0 

• 


267. 

Bombay (18° 66' : 72° 64') . 

• 

• 

• 


67, 66, 66, 110, 376. 

Bundi (26° 30' : 75“ 36') 

• 

0 

• 


77, 79,303. 

Burdwan (23° 18' : 87° 06') . 

• 

• 

• 


24, 316. 

Buxar (26° 34' : 84° 01') 

• 

• 

9 


116, 117, 284. 
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Calcutta (22° 34' : 88° 24') . 

• 

• 

0 


2, 3, 24, 40, 86-87, 
110, 116, 117, 318. 

Cawnpore (26° 28' ; 80° 24') . 

« 

• 

• 

• 

24, 41, 293. 

Chaiapur (27° 18' ; 87° 20') . 

• 

• 

• 

• 

22, 386. 

Chakia (26° 24' : 86° 00') . 

• 

• 

• 

• 

36. 

Champanagar (26° 66' : 87° 19') . 


0 

• 

• 

241. 

Chanauraganj (26° 17' : 86° 19') . 

• 

0 

• 

• 

234. 

Chapra (26° 47' : 84° 44') . 

• 

• 


• 

22, 116, 168,261,262. 

kutcheri . , . . 

• 

• 

• 

• 

14. 
i 220. 

Chitbug (27° 39' ; 86° 11') . 

• 

• 

0 

• 

386. 
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1, 3, 4, 14, 22, 23, 46, 
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260. 

Hills area 

260, 261, 287. 
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2, 49, 62, 63, 66, 67, 
60, 60, 62, 67, 110, 
111, 119, 122, 124, 
126, 135, 146, 146, 
148, 3.30. 

'Dehri on Son (24° 64' : 84° 12') 

269. 

Delhi (28° 42' : 77“ 12') ’ 

128. 

Deoghar (24“ 30' : 86“ 42') 

267, 268, 279. 

Deopur (27° 44' ; 86“ 36') 

387. 

Dhanbad (23° 48' : 86“ 24') 

24, .312, 313. 

Dhankuta (26° 69' ; 87° 21') 

22, 46, 386. 

Dharamtali (27° 46' : 85° 21') 

391. 

Dharan (Nepal) 

46, 149. 

— Bazar (26° 49' ; 87“ 17') 

148, 384. 

Dharapani (Nepal) (26° 63' : 87° 20') .... 

46. 

Dharhara (26“ 12' ; 86“ 24') 

247. 

Dharwar(16“24' : 75“00') . . . . . ' . 

2.5, .376. 

Bhubri (26° 02' t 90“ 02) 

24, 77, 1.50, 169, 162, 
325. 

Dinajpur (26° 38' ; 88° 41') 

42, 77, 323. 

Binapote (26° 38' : 86“ 03') 

262. 
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Dumahan (27° 22' : 87° 37') . 


• 



386. 

Dttmka (Naya Dtimka) (24^ 16^ : 

87® 16') 

• 

• 

- 

23. 29. 77, 80, las 
268, 279. , 

Domra (Mozaffarpar district) 

F 


• 



164. 

Fatwa (25^^ 30' : 85® 19') 

. 




262. 

Porbesganj (26° 18' : 87° 18') 

• • 

• 

• 

. 

240, 241. 

Fort Hertz (27° 24' : 97° 24') 

• • 

• 

• 

• 

2, 379, 381. 

Q 






Gainsari (27® 30' ; 82® 30') . 

• • 




136. 

Oaajam (19° 24' : 86° 06') . 

• • 

• 


,, 

87, 367. 

Gauhati (20° 12' : 91° 48') . 

• • 

• 



26, 347. 

Gaya (24° 49' : 86° 01') 

• • 




23, 29,77, 138, 267, 
278. 

Gerkuta (27° 67' j 86° 10') . 





386. 

Ghogha (26° 12' : 87° 12') . 




• 

264. 

Goalondo (23° 60' : 89° 48') . 




# 

44. : 

Gobindganj (Champaran district) 




« 

221. 

Gokama (27° 44' : 86° 24') . 





21, 116, 163. 

Gouda (27° 12' ; 81° 64') 





135, 297. 

Gopalganj (26° 28' ; 84° 27') . 





249. 

subdiridon . 





249, 250. 

^ villages in . 




220. 

Gorakhpur (26° 48' j 83° 24') 
— (Kawal|ftndi district) 

• • 


# 

t 

i 

23, 117, 154, 301 

126. 

H 






Hajipur (26° 41' : 86° 12') . 

• • 

ff 

• 


87, 252, 253. 

HalimtoUa (26° 22' ; 84° 25') 

* « 


4 

• 

251. 

Hansdiha (24° 36' : 87° 06') . 

• 9 

• 



268. 

Hardwar (30® 00' : 78® 12') . 

• • 




127, 

Hskiridhi (27° 39' : 86° 21') . 

* • 



* 

18, 19, 163, 389. 

Hathwa (26° 24' f 84° 24') . 

• • 



« 

250, 251. 

Hatia (26° 43' j 87“ 16') 

« • 


♦ 

« 

384. 

Helwan (29° 61' ; 31° 20') . 

• m 


• 

4 

55, 59. 
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Hilaa (28° 19' ! 86° 17') 

23, 2H2. 

Hiteura (27° 26' : 86° 02') 

148. 

Hongkong (22° 18' ! 114° 11') 

54. 

J 


Ja^dispur (26® 42' : 84° 35') 

248. 

Jahanabad (26° 13' : 86° 00') 

260. 

Jaleswar (26° 39' : 86° 48') 

383. 

Jalpaiguri (26° 32' : 88° 46') 

271, 286. 

Jamalpur (26° 18' ! 86° 30') 

1, 20, 21, 117, 246- 


247. 

Jamni (24° 66' : 86° 15') 

270, 285. 

Jaaidih (24° 30' : 86° 36') 

23, 279. 

Jaynagar (26° 36' : 86° 09') 

233, 383. 

Jhajha (24° 48' : 86° 24') 

270. 

Jhansi (26° 30' : 78° 36') 

41, 293. 

Jogbani (26° 24' : 87° 18') 

383. 

K 


Kakuni (27° 49' : 86° 16') 

391. 

KaJanga (30° 21' ; 78° 06') 

145. 

Kalimpong (27° 06' : 88° 24') 

27J, 287. 

Kalka (30° 48' : 76° 64') 

126. 

KangM (32° 06' : 76° 16') 

112, 144. 

Kathgodam (29° 16' : 79° 36') ..... 

148. 

Katihar (26° 30' : 87° 36') 

77, 117, 165, 266. 

Katmandu (27° 41' : 86° 20') ..... 

1, 2, 14, 17, 19 22, 


45, 64, 77, 82, 


84-87, 116, 117, 


12.3, 149, 300. 

Katni (23° 48' ; 80° 24') 

24, .309. 

Kesariya (26° 21' : 84° 53') . . ... 

221. 

Khagaria (26° 30' : 86° 30') 

22, 256, 257. 

Kharagpur (26° 07' : 86° 33') 

270. 

Khokna (27° 39' : 86° 18') . . . • 

18, 10, 116^ 1634 389. 

Kishanganj (26° 41' • 86° 68') 

268. 

(26° 06' : 87° 66') 

266. 

Kobe (34° 41' : 136° 11') 

1 

56. 59. 
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Kodaikanal (10° 14' : IT 28') 





49, 52, 54, 66, 67, .6!) 

Koilpur (26° 41' : 86° 17') . 

• 




60, 62. 

33, 383. 

Ksara (33° 49' : 36° 62') 

# 




55, 59, 62. 

Kunali (Khandauli) (26° 2T : 86° 490 





237. 

Kurseong (26° 64' : 88° 18') . 





22, 23, 261. 

Kutchlijor (Nepal) (27° 37' : 86° 09') 

■f 





385. 

L 






Lachi (28° 01' : 88° 46') 





118. 

Laheria serai (26° 06' ; 86° 54') 





227-229. 

Lakri (26° 22' : 84° 23') 





251./ 

Lalganj (26° 52' : 86° 10') 





253. 

Lauriya Nandangarh (27° 00' ; 84° 24') 





266. 

Lauthaha (Motihari district) . 





164. 

Legua Ghat (27° 08' : 87° 16') 





44, 386. 

Lhasa (29° 41' : 91° 10') 





2, 116. 

Lohat (27° 17' : 86° 08') 





230. 

Luckeesarai (25° 12' : 86° 06') 





23, 43, 263. 

Lucknow (26° 62' : 80° 68°) . 





24, 116, 294. 

M 






Madhipura (26° 66' : 86° 48') 

. 


. 


46, 163, 164, 236. 

Madhubani (26° 22' : 86° 05') 

. 


. 

, 

1, 17, 49, 63, 64, 74, 

Madras (13° 06' : 80° 18') . 





76, 83, I4.S-1.')(), 

167, 162, 164, 211, 
214. 

26, 378. 

Madura (9°64' ; 78° 06') 





26. 

Majhowlia (26° 48' : 84° 36') 





248. 

Malda (26° 06' : 88° 06') 





77, 163, 322. 

Mahanpur (26° 06' : 86° 10') . 





270. 

Mandalay (22° 00' : 96° 06') . 





146, 147. 

Mandar Hill (24° 48' : 87° 00') 





270. 

Mandheli (26° 38' : 87° 16') . 





383. 

Manila (14° 36' : 120° 69') . 





64,69. 

Manjha (Saran district) . . 



* 


260. 

Mastanpura (31° 11' : 76° 39') 


• 



136. 

Medan (3° 36' ; 98° 41') 

* 

• 

• 


64. 
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{26*^ 22^ 1 84^ 20 ) • * . « ■ . 

25L 

Mirpur (Champaran district) 

221. 

teapur (26“ 12' : 82“ 36') 

23, 276. 

(26“ 24' : 86“ 09') 

215. 

Mokameh (26“ 26' : 86“ 63') 

246. 

Monghyr (26“ 23': 86“ 28') 
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